
. 

h..,. 

w 

f 

. 

by 

The Life-Detection Experiments Team 

N a t i o n a l  Aeronautics and Space Administration 
Ames Research Center 
Mof'fett Field, C a l i f .  

1 

I N66 29419 
0 

s U C C E S S I O N  NUMBER) mHRU) 

P > w 1 
(CODE) IPAOES) 

9 4b - 
(NASA Cd O R  TMX 06 AD NUMBER) 

, 

. 
c. 



. 
TABLE OF CONTENTS 

I*- 
..  

9 

.. 

. c 

.. 

Page 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  2 
mERs.METHolE. ANDG7JlDmm . . . . . . . . . . . . . . .  3 

TeamMenibership . . . . . . . . . . . . . . . . . . . . . .  3 

SurveyMethods . . . . . . . . . . . . . . . . . . . . . . .  3 

Experiments . . . . . . . . . . . . . . . . . . . . . . .  3 

Vehicles . . . . . . . . . . . . . . . . . . . . . . . .  6 

Guidelines . . . . . . . . . . . . . . . . . . . . . . . . .  6 

SURVEYOFEXPEB~S . . . . . . . . . . . . . . . . . . . . .  8 

G a s  Chromatograph . . . . . . . . . . . . . . . . . . . . .  8 

Gul1i.r . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

" J " B a n d  . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Mass Spectrometer . . . . . . . . . . . . . . . . . . . . .  11 
Multivator . . . . . . . . . . . . . . . . . . . . . . . . .  11 

Minivator . . . . . . . . . . . . . . . . . . . . . . . . .  12 

Optical Rotation . . . . . . . . . . . . . . . . . . . . . .  13 

Wolf Trap . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Other Experiments . . . . . . . . . . . . . . . . . . . . .  14 

SURVEY0FvMICI;ESYSTEMs . . . . . . . . . . . . . . . . . . .  16 

Atlas-Agena System . . . . . . . . . . . . . . . . . . . . .  16 

Atlas-Centaur Systems . . . . . . . . . . . . . . . . . . .  17 

Flyby Bus Plus Capsule System . . . . . . . . . . . . . .  17 

Bus Plus Capsules System . . . . . . . . 19 

Saturn Systems . . . . . . . . . . . . . . . . . . . . . . . .  21 



-. . 
4 ." - 

* 

Page 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

C O N O I N G R F M A R K S  . . . . . . . . . . . . . . . . . . . . . . 26 
APPENDIXA -DOCUMENTATION . . . . . . . . . . . . . . . . . . 28 

A P P E N D M B - M P E R l M E N T S U R V E Y m  . . . . . . . . . . . .  38 

B-1 Gas Chromatograph. . . . . . . . . . . . . . . . . . . 39 

B-2 Gulliver . . . . . . . . . . . . . . . . . . . . . . .  43 

€3-3 "J"Band . . . . . . . . . . . . . . . . . . . . . . . 48 

B-4 Mass Spectrometer . . . . . . . . . . . . . . . . . . . 51 
B-5 Measurement of ATP . . . . . . . . . . . . . . . . . . 54 

B-6 mivator.. . . . . . . . . . . . . . . . . . . . . . 57 

B-7 Multivator . . . . . . . . . . . . . . . . . . . . . . 60 
B-8 Optical Rotation . . . . . . . . . . . . . . . . . 63 

3-9 Wolf Trap . . . . . . . . . . . . . . . . . . . . . . . 66 

TABLE I.- STATUS AND suppo~~ RE&UIREMENTS FOR EXPERINEWTS . . . 70 
TABLE 11.- SUMMARY OF ~GI" RE&UIEBENTS FOR xpmnmms. 71 

TABLE 111.- SUMMARY OF VEHICLE SYSTEMS CAPABILITIES . . . . . . 72 

FIGURE 1.- PAYLOAD CAPABlIilTIES OF VARIOUS SPACEXTRAFT SYSTEMS . 73 



I.. - 

A SURVEY OF LIFE-DETECTION -S 

FOR MARS 

The Life-Detection Ecperiments Team 
Ames Research Center 

SUMMARY 

- -  

The results of a survey of life-detection experiments fo r  Mars 
are presented. This survey was made by a team at the Ames Research 
Center i n  response t o  a request by the Bioscience Office i n  the 
NASA Office of Space Sciences. The survey is intended t o  determine 
the s ta tus  and support requirements of a variety of experiments. 
Particular attention i s  given t o  ascertaining which experiments may 
be available and suitable f o r  the 1966 Mars Mariner mission. 
experiments covered i n  the survey include the G a s  Chromatograph, 
Gulliver, the "5" Band, the Mass Spectrometer, the-lhitivator, Optical 
Rotation, the Wolf Trap, and several others. 

The 

- - 
/ 

O f  the experiments covered by the survey, it appears that only 
three have a reasonable chance of meetix the schedules imposed by 
the 1966 Mars Wirier mission. 
Gulliver, and Multivkor (or  Minivator). 
there is  no complete experiment and the other two have sampling 
problems. 

These three are the Gas Chromatograph, 
For the Multivator, however, 

The most serious problems uncovered i n  the survey are of a 
universal nature c o m n  t o  vir tual ly  all experiments. F i r s t ,  no 
adequate sample collection, concentration, o r  preparation devices 
have been devised. Without prompt attention, t h i s  lack may actually 
prevent the inclusion of a life-detection experiment on the 1966 
mission. It was a lso  noted tha t  instrument prototype development i s  
being delwed by lack of a clear definition of the experiment-vehicle 
interface. 

Inabi l i ty  t o  control the landing s i t e  and the large uncertainties 
exis t ing i n  knowledge of the Martian atmosphere, particularly surface 
pressure, appear t o  be major d i f f icu l t ies  which cannot be resolved f o r  
the 1966 mission. Both factors have large effects  on the probability 
of success of a life-detection experiment. The uncertainties are so 
large, i n  fact ,  that life-detection experiments may not be suitable 
candidates f o r  aMaxiner mission and may, i n  fact ,  be m r e  appropriate 
t o  a Voyager mission. 

- 

,/' 
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If it i s  ultimately considered desirable t o  include a l i f e -  
detection experiment on the 1966 Mariner, it w o u l d  appear that it 
should be a device which i s  not dependent on growth or  metabolism. 
U s e  of such devices introduces the added requirement and uncertainty 
that a suitable ecology f o r  an unknown organism must be provided. 

The search f o r  extraterrestr-i&l-&gLhas been cal led the  most -_-- 
provocative aspect of the program f o r  the exploration of sRace. 
t a in ly  the discovery of such l i f e  would be a major accomplishment i n  
the program. In  recognition of the importance of the task, s c i en t i s t s  
throughout the country have conceived and proposed various experiments 
which could be used t o  detect l i f e  on other planets. 
accomplish this objective, however, these conceptual experiments must 
be evolved into f l ight-qual i f ied instrument hardware. This task i s  
d i f f i c u l t  and it may eas i ly  delay the development of an experiment. 
Such delays become more important as the t i m e  approaches f o r  the 
f i n a l  design freeze on a transporting spacecraft. One of the f i rs t  
vehicles t o  carry a l ife-detection experiment w i l l  probably be the 
1966 m i n e r  t o  Mars. 
t i m e  is rapidly approaching when the selection of i t s  experiments must 
be made. 

Cer- --- -- 

In  order t o  

The schedule for  this  vehicle i s  such that the 

For these reasons the Bioscience Office i n  the NASA Office of 
Space Sciences requested that a survey be made of l ife-detection 
experiments and, i n  particular,  of those which might be candidates 
f o r  this 1966 Mars Mariner mission. 
survey was t o  determine both the current s ta tus  and the future support 
requirements of' the l ife-detection experiments. To conduct this sur- 
vey, the Office of Space Sciences requested the aid of the Ames 
Research Center. 
Ames with representation from the Exobiology, Instrument Research, 
Mission Analysis, Space Sciences, Systems kgineering, and Technical 
Planning Divisions. This team organized and conducted the requested 
survey of experiments and, i n  addition, examined probable candidates 
f o r  the transport vehicles. 

The purpose specified f o r  this  

I n  response t o  this  request, a team was formed at 

The present report contains the results obtained by the team. 
I n  the sections that follow, the methods employed in  the surveys and 
analyses w i l l  be described f irst .  This description w i l l  be followed 
by the r e su l t s  of the survey of experiments and then by the resu l t s  
of the  survey of vehicles. 
obtained by the team will then be presented. 

A general discussion of the resu l t s  

I 

c . -  
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MEMBERS, METHODS, AND GUIDELINES 

Team Menibership 

The Life-Detection Experiments Team that was formed at  the Ames 
Research Cecter had as meders the following: 

M r .  C. A. Syvertson, Chairman 

Science Engineering 

D r .  Richard S. Young, Mr. R-nd C. Savin, 

Dr .  Lawrence I. Hochstein Mr. George W. Clemens, Jr. 
M r .  Jacob H. Miller Mr. Jarnes N. Cole 
Mr. Vance Oyama Mr. Frederick A. Demele 
D r .  Robert B. Painter M r .  Ralph W. Donaldson, Jr. 
Dr. Leonard P. Z i l l  Mr. Richard 0. Fimmel 

Vice Chairman Vice Chairman 

Mr. George H. Holdawa~r  

Copies of the correspondence and memorandum which led  t o  and 
accomplished the establishment of th is  team are contained f o r  the 
record i n  appendix A. It will be noted tha t  some changes i n  team 
personnel were required t o  complete the task assigned. 

Survey Methods 

As indicated ear l ie r ,  the Ames team conducted two surveys, one 
t o  determine the s ta tus  and support requirements of proposed l i fe -  
detection experiments and the second t o  examine possible transport 
vehicles. 

Experiments.- The survey of l ife-detection experiments was con- 
ducted by three two-man groups who vis i ted  appropriate experimenters 
and inst i tut ions.  These two-man groups had one representative with 
a background in  l i f e  sciences and one with a background i n  physical 
sciences. They used as a guide for  their collection of information 
the questionnaire reproduced i n  appendix A. The use of the question- 
naire  provided a method f o r  obtaining a consistent set of information 
f o r  all experiments. In addition, it was forwarded t o  all people 
v i s i t e d  i n  advance of the v i s i t s  t o  assist i n  the preparation and 
col lect ion of information. 
contacts w e r e  as follows: 

The two-man groups and the i r  respective 

. -  
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Dr. Lawrence I. Hochstein 
M r .  James N. Cole 

1. Gulliver 

Dr. Gilbert Levin 
Resources Research, Inc. 
1246 Taylor Street, N. W. 
Washington 11, D. C. 

2. Wolf Trap 

Dr. Wolf Vishniac 
Department of Biology 
University of Rochester 
Rochester 20, New York 

3. Optical Rotation 

Dr. Ira Blei  
Melpar, Inc. 
3000 Arlington Blvd. 
Fa l l s  Church, Virginia 

4. Ultraviolet  Spectrophotometry 

Dr. Ira B l e i  
Melpar, Inc. 
3000 Arlington Blvd. 
Falls Church, Virginia 

Dr. Robert B. Painter 
Mr. Jacob H. Miller 

1. Vidicon Microscore 

Dr. Joshua Lederberg 
Department of Genetics 
Medical School 
Stanford University 
Stanford, California 

Dr. Gerald A. Soffen 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 
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2. 

3. 

4. 

Multivator 

Dr. Joshua Lederberg 
Depa,rtment of Genetics 
Medical School 
Stanford University 
Stwiord,  California 

Minivator 

M r .  Jerry L. Stuart 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 

"J" Band 

D r .  R. E. Kay 
Aeronutronic Division 
Ford Motor Company 
Ford Road 
N e w p o r t  Beach, California 

Dr. Leonard P. Z i l l  
M r .  Ralph W. Donaldson, Jr. 

1. 

2. 

3. 

G a s  Chromatoaraph 

M r .  George Hobby 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 

M r .  Vance Oyama 
Ames Research Center 
Moffett Field, California 

Mass Smctrometer 
~ 

Dr. Klaus Biemann 
Department of Chemistry 
Massachusetts Ins t i tu te  of Technology 
Cambridge, Massachusetts 

Microscopic System 

D r .  Robert D. Allen 
Depwtment of Biology 
Princeton University 
Princeton, New Jersey 
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Since several of these experiments were i n  an ear ly  s t a t e  of 
development, the contact was limited, i n  some cases t o  a telephone 
ca l l .  
treated i n  a common, brief discussion. 

For these experiments then the r e su l t s  of the survey w i l l  be 

Vehicles.- The purpose of the survey of vehicles was t o  determine, 
approximately a t  least, what are the  important Characteristics of vehi- 
c les  which might transport a l ife-detection experiment t o  Mars. 
was fel t  t ha t  t h i s  survey was an essent ia l  feature  of the task assigned 
t o  the  teambecause any decision regarding the ava i lab i l i ty  of an 
experiment will be influenced by the constraints imposed by the t rans-  
port vehicle. The survey of vehicles was not, however, as formal and 
comprehensive as the survey of experiments. Contacts were made at  
the Goddard Space Flight Center, the Lewis Research Center, and the 
Jet Propulsion Laboratory. From the information gathered i n  these 
contacts and from independent analyses, the weight and performance 
character is t ics  of a family of transport vehicles were determined. 
This information w i l l  be discussed i n  greater detail i n  a later section. 

It 

The members of the team who assisted i n  the preparation of the 
survey of vehicles were: 

M r .  R. C. Savin 
Mr. G. W. Clemens, Jr. 
Mr. F. A. Demele 
M r .  G. H. Holdaway 

Guidelines 

Most of the guidelines employedby the team i n  the conduct of 
i t s  task are evident f rom the foregoing description of the surveys 
that were made. I n  addition, however, several general constraints 
were applied. The basic l i s t  of experiments which were covered i n  
the survey was obtained from the Bioscience Office i n  NASA Headquar- 
ters. 
this list, some additional experiments were covered Briefly i n  the 
survey. As will  become evident, mst of the added experiments, being 
often newly conceived, will probably be unable t o  meet the schedule 
required by a 1966 Mars mission. As a measure of ava i lab i l i ty  of any 
experiment, a target  schedule was set down f o r  reference purposes. 
As well as the  team could estimate t h i s  schedule, it is: 

Although no concerted e f for t  was made t o  expand greatly on 

. -  
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Deadline Status 

Septeniber 1963 Functional breadboard 

March 1964 F i r s t  prototype 

June 1964 Last prototype 

Definition of Status 

The flmctional f e a s i b i l i t y  
of the experiment must be 
demonstrated with a breadboard 
instrument which need not meet 
f l i g h t  weights and sizes. 

December 1963 Flight-size breadboasd This instrument must meet 
the recpirements of the pre- 
vious breadboard and, i n  addi- 
t ion,  it must m e e t  f l i g h t  
res t r ic t ions  as t o  w e i g h t  and 
size. It does not, however, 
have t o  meet other environ- 
mental constraints. 

This instrument should be 
designed t o  sa t i s fy  a l l  
environmental and operational 
constraints. 

This instrument must demon- 
strate an a b i l i t y  t o  meet al l  
environmental and operational 
constraints. 

September 1964 Final instrument type An instrument ident ical  t o  
approval tes ted the f i n a l  f l i g h t  a r t i c l e  shall 

have passed a l l  required tests. 

It might be added that t o  the best knowledge of the team members 
no experiments were omitted fromthe survey f o r  which any significant 
amount of work has been accomplished. 

It should be fur ther  noted that it became evident early i n  the 
work of the team that the  basic problem would not be t o  select  from 
a var ie ty  of experiments f o r  the 1966 mission. Rather, it appeared 
that the scheduling and payload res t r ic t ions  f o r  th i s  mission could 
very well eliminate from consideration most of the experiments. For 
this  reason, the work of the team was expanded suff ic ient ly  t o  cover 
later mission dates and larger  permissible payloads. In estimating 
the lazger payloads, a t tent ion was res t r ic ted  t o  launch systems now 
exis t ing or  now under development. 
Atlas-Centaur, Saturn I, and Saturn I-B. 

These systems were the Atlas-Agena, 
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The detailed results obtained during the survey of l i fe-detect ion 
experiments, i n  par t icular  the resul ts  obtained i n  response t o  the  
survey questionnaire, are contained in  the several subsections of 
appendix B. 
lected i n  the survey and contains no comment by the  survey team. 
of the collected material is condensed and summarized i n  tables I 
and 11. 
and funding and manpower requirements. Table I1 swmarizes the avail- 
able information on the physical characterist ics of t he  f l i g h t  instru-  
ments including such items as weight,  s i ze ,  and power requirements. 
Some of this  material will also be included i n  the brief narrative 
summaries which follow immediately. 
tive material, however, i s  t o  describe the function of each experiment 
and t o  point up those factors  which may affect i t s  su i t ab i l i t y  f o r  
the 1966 mission. Those experiments f o r  which information i s  generally 
lacking w i l l  be discussed i n  a single common subsection presented later. 

The material i n  this appendix is exclusively tha t  col-  
Par t  

Table I presents a sumaaxy picture of the status,  avai labi l i ty ,  

The primary purpose of this narra- 

Gas Chromatograph 

The G a s  Chromatograph i s  being developed at  the Jet Propulsion 
Laboratory i n  Pasadena i n  the  Space Science Division (Chief: 
D r .  Robert V. Meghreblian). 
Sanford Lipsky at  Yale University and Dr. James Lovelock at Baylor 
University. 
qualitative and quantitative separation and ident i f icat ion of the 
pyrolysis products of organic molecules found i n  biological systems. 
Such a system i s  based on gas-liquid chromatography depending on 
varying dis t r ibut ion coefficients t o  a t t a i n  separations and detection 
by several sensit ive devices. 
o r  absence of organic matter in a s o i l  s m l e  collected from the 
Martian surface, regardless of i t s  type o r  origin, and could provide 
data from which at l ea s t  some of the collected organic material could 
be identified.  
method would very probably be unequivocal concerning the  presence of 
biochemicals but somewhat equivocal with respect t o  whether they 
represented a prebiotic stage of development o r  arose from either 
l i v ing  or dead organisms. 
somewhere between M c t i o n a l - f  ea s ib i l i t y  breadboard and f l i g h t  -sized 
breadboard. For a fl ight-sized instrument, a current estimate of the 
weight i s  about 7 pounds; the volume, 200 cubic inches (without sample 
acquisit ion) ; the power requirement (exclusive of environment control) 
i s  4.5 watts. 
special handling i n  storage and transmission. 

Outside experimenters include Dr. 

The basic principle by which the experiment works i s  the  

Such a system would detect the presence 

The chromatographic fingerprints obtained by th i s  

The current s ta tus  of the experiment i s  

Data are taken f o r  a @-minute period and require 
Orientation of the 
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. -  instrument on the surface of Mars is  not a crucial  consideration. 
The instrument mst be protected against the Nartian night. 
survive within the temperature range of -50° t o  +135O C.) 
t o  produce a f i n a l  instrument the current budget would need t o  be 
increased from $206,000 t o  about $425,000. 
current staff of four sc ien t i s t s  and engineers and two technicians 
would need t o  be increased by the  addition of four  engineers and five 
technicians. W i t h  these additions a t  an ear ly  date, the experiment 
m l d  appear t o  be capable of meeting the schedules f o r  the 1966 
mission. However, considerable e f for t  is required t o  develop a suit- 
able sample collection and preparation device. 

(It w i l l  
I n  order 

Correspondingly, the 

Gulliver 

The experimenters f o r  Gulliver are Dr. Gilbert Levin of Resources 
Research, Inc. and Dr. Norman Horowitz of the California Ins t i t u t e  of 
Technology. The experiment i s  designed t o  measure the growth of bac- 
teria by monitoring the formation of radioactive carrbon dioxide pro- 
duced by the metabolism of radioactive substances. If the experiment 
w e r e  t o  f’unction as planned, it would indicate the presence of a b io ta  
that could u t i l i z e  the added sources of carbon, nitrogen, and energy 
f o r  growth. 
is  chmscter i s t ic  of binary fission, growth m l d  be indicated. If 
the production were not exponential, it would not be clear  if the car- 
bon dioxide release would be a resul t  of cel l - f ree  enzymatic degrada- 
tioD metabolism i n  the absence of growth, or chemical degradation of 
the  radioactive substrate. The success of the  experiment depends, of 
course, on being able t o  supply the appropriate environment f o r  growth. 
The use of controls is also d i f f icu l t  because ident ical  sanrples are 
not provided t o  both the test and control chambers. 
i n  general, may be a problem although Gulliver does include an acquisi- 
t i o n  device. (One of a f e w  surveyed experiments that does.) 
present time, the experiment canbe  considered in  the s ta tus  of an 
advanced f l ight-s ized breadboasd mdel. ( I t  was f ie ld  tested i n  a 
flawless m e r  f o r  the survey team.) Based on current estimates and 
models, the weight is  between 7 and 12 pounds; the volume, between 
300 and 600 cubic inches; the  power requirement i s  3 watts average and 
5 watts peak without heater (an additional 2-1/2 watts i s  estimated 
f o r  a heater).  
would be desired. 
night as indicated i n  the power requirements and, should nuclear power 
be used on board the spacecmft, shielding would also be required. 
The instrument i s  not sensit ive t o  spacecraft orientation on the Mas- 
tian surface. Insofar as instrument problems are concerned, Gulliver 
should be capable of meeting the schedules f o r  a 1966 mission if 
between $25O,OOO and $3’jO,OOO i s  applied t o  f l i g h t  prototype development. 

If the production of carbon dioxide were exponential, as 

Sample acquisition, 

A t  the 

A t  least two readings wi l l  be required although more 
Gulliver will require protection from the Martian 
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(This development i s  now subcontracted t o  American Machine and Foundry, 
Alexandria, Virginia.) 
along, i n  terms of hardware development, of all those surveyed. I n  
addition, approximately another $50,000 night be required fo r  labora- 
tory work. 

In f ac t ,  t h i s  experiment was the farthest 

"J" Band 

The experimenter fo r  the "J" Band i s  D r .  R. E. Kay of the 
Aeronutronic Division of the Ford Motor Company. The experbent is 
intended t o  detect the sh i f t  of the absorption band of a dye molecule 
(thiocarbocyanine) t o  one o r  t w o  new wavelengths upon interaction of 
the dye with certain organic macromolecules such as proteins and/or 
nucleic acids. 
existence of e i ther  o r  both proteins and nucleic acids on Mars could 
be established. 
the presence of l i f e .  
content i n  the sample can obviate the results.  
can be vi t ia ted,  according t o  laboratory tests, by increases i n  tem- 
perature, use of 10-percent alcohol solutions, or  by dialyzing the 
sample pr ior  t o  analysis. A t  the present t i m e ,  the experiment has 
been reasonably well demonstrated i n  the laboratory. 
and nucleic acids have been tested with and without interfering mate- 
rials. 
posal i s  as yet conceptual. 
appropriate instrument might weigh 5 pounds, use 3 watts of power, 
and have a lifetime of several weeks. 
temperatures w i l l  be required. 
be against the Martian night. The instrument properties just  noted 
do not include sample acquisition. Since the sensi t ivi ty  threshold 
of the measurement i s  about 1 microgram of active protein o r  nucleic 
acid, collection and processing of  re la t ively large samples of mate- 
r ia l  is  a problem which remains t o  be solved. 
i s  concerned, the experiment i s  well along and could be ready f o r  a 
1966 mission with the application of about $lOO,OOO. 
d e v e l o p n t ,  another $4OO,OOO would be required f o r  the period of 
about 1 year. 
ment have been taken t o  date raising r ea l  doubt that the experiment 
could indeed be ready f o r  1966. 

If the experiment w e r e  t o  function as planned, the 

Indication of either would be highly indicative of 

This effect  of salt 
It shouldbe noted, however,that high s a l t  

Many proteins 

The ha;rdware pro- 
It is estimated, however, that an 

No flight-type hardware has been s e t  up. 

S i x  readings a t  three different 
Primary protection requirements would 

As far as the chemistry 

For instrument 

No positive steps i n  the direction of instrument develop- 
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Mass Spectrometer 

A l ife-detection experiment based on mass spectrometry i s  being 
developed under NASA Grant NSG 211-62 which i s  en t i t l ed  "The Detection 
md Ident i f icat ion of Organic Matter bjr ??;ass Spectrmetry." The 
experimenter is Dr. Klaus Biemann, Professor of Chemistry, Massa- 
chusetts In s t i t u t e  of Technology. The experiment is  intended t o  
identify organic molecules by interpretation of a mass spectrogram. 
If this experiment w e r e  t o  function as planned, it would indicate 
the existence or  nonexistence on Mars of organic compounds as they 
are known on earth. By i ts  nature the experiment could not determine 
if these compounds were par t  of l i f e  that had existed, that does 
exist, o r  that is i n  the process of evolving. For example, the pres- 
ence of organic compounds arising from u l t rav io le t  radiation of gas- 
eous mixtures would be detected by the experiment. 
of such compounds does not indicate the existence of l i f e ,  their pres- 
ence on Mars would i n  itself be significant. A t  the present time, the 
experiment i s  i n  the conceptual state.  In  particular,  standard mass 
spectrometers are being used t o  examine synthetic mixtures of organic 
compounds. Complete groups of coqounds obtained by breaking down an 
en t i r e  l iv ing  organism have not as yet been examined. 
spectrograms obtained from such mixture may prove d i f f i cu l t  t o  analyze. 
Based on current estimates, a f l i g h t  instrument (exclusive of sample 
collection equipment) would weigh about 15 pounds and would occupy 
about 4-00 cubic inches. 
of 250 pieces of information. 
any special  protection from the space environment other than that 
normally required f o r  electronics. Orientation relative t o  the Mastian 
surface is  not important other than f o r  the purposes of sample acquisi- 
t ion .  This latter problem, sample acquisition, has not been considered 
i n  d e t a i l  and this lack seems t o  be one of the mst serious problems i n  
the s ta tus  of the  experiment. 
$350,000 and two additional men would be required t o  meet the  1966 mis- 
sion schedules. It was noted, however, tha t  at least 6 months would be 
required f o r  the acquisition of a miniaturized spectrometer. 
reason and because of the sample acquisition problem and the re la t ive ly  
high weight, it would appear that a 1969 launch date might be more 
compatible with the experiment t i m e  table. 

While the detection 

The complex 

A meaningful spectrogram may involve the taking 
The instrument itself would not require 

As estimated by the experimenter, about 

For this 

Multivator 

For the Multivator instrument, the experimenter i s  Dr. 
Joshua Lederberg, Department of Genetics, Medical School, Stanford 
University. 
device by Dr. El l io t  k v i n t h a l  and by Messrs. Lee Hundley and 

He  i s  being assisted i n  the engineering aspects of the 
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J. Arnold. The Mul t iva tor  can be characterized as a miniature b i o -  
chemical laboratory that can accommodate a variety of biochemical 
experiments. It can be described as a group of ce l l s  or  tubes i n  
which samples are introduced and combined With appropriate reagents 
or  biological materials. 
is then detected w5th a ?lotoelectric device. To date, the  Multivator 
has been considered primarily fo r  use i n  the detection of the  action 
of phosphatase on phosphate containing chemicals which become fluores- 
cent following removal of the phosphate group. 
sidered f o r  use i n  the detection of the action of biologically important 
macromolecules as they evidence the i r  presence by chemicophysical 
changes that may be detected by fluorescence, turbidimetry, nephelom- 
etry, absorption spectra, o r  absorption spectral  shifts of a t e s t  sub- 
s t ra te .  If the device were  t o  f’unction as planned, a posit ive r e su l t  
would indicate the existence on Mars of the enzyme phosphatase. 
t i on  of phosphatase would not permit a dis t inct ion between the past, 
present, or  future  existence of l i fe .  
being developed in to  a fl ight-sized breadboard. 
experimenter it i s  nearly ready f o r  t ransfer  t o  a commercial concern 
f o r  flight hardware development and flight qualification tes t ing.  
far  as experiments f o r  use w i t h  the device are concerned, the existence 
of a s table  organic reagent f o r  use i n  the phosphatase experiment 
remains t o  be demonstrated, although progress i s  being made i n  this  
area. From the point of v i e w  of th i s  experiment, then, the f i l t i v a t o r  
is  s t i l l  i n  par t  i n  the conceptual stage. Other experiments f o r  
inclusion i n  th i s  device are ye t  to  be considered. 
lect ion included, current estimates indicate the weight at  about 
3 pounds, the volume at about 90 cubic inches, and power requirements 
a t  1 watt average and 5 watts maxirmun. 
be read a t  about 15-minute i n t e r v a l s  fo r  a period of a t  least 1 hour. 
Power requirements are largely dictated by the survival problen! f o r  
the Mastian night. 
studies and organic chemical preparations has been given i n  a proposal 
t o  NASA Headquarters by D r .  Lederberg. 
ment remaining f o r  the instrument i t s e l f  Will amount t o  about $3OO,OOO. 
Multivator could be ready as a device f o r  1966 but the experiments it 
would house w i l l  need a great deal more e f fo r t  if they are t o  be ready 
at  t h a t  time. 

The result ing action of the sample material 

It has also been con- 

Detec- 

As a device, the Multivator i s  
In the opinion of the 

As 

With sample col- 

Each of f i f t een  chambers woxld 

An estimate of the f’unding f o r  the biochemical 

It is  estimated that the develop- 

Minivat or  

The Minivator i s  an instrument very similar i n  nearly a l l  respects 
t o  the Nultivator discussed i n  the previous section. 
i s  M r .  Jerry L. S t u a r t  of the Jet Propulsion Laboratory. 
u l a r l y  a t t rac t ive  feature of the Minivator i s  i ts  s q l e  collection 
device which i s  one of the most advanced of such systems covered by 

The experimenter 
One par t ic -  
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the  team. 
stirs up and col lects  dust par t ic les .  
is  accomplished by centrifugal action. The Minivator i s  i n  an advanced 
state of engineering and as an instrument could be ready f o r  the 1966 
mission with additional support of about four men and $220,000. Evo- 
lut ion of appropriate experiments for tine iievice would be a i f f i c u l t  t o  
complete i n  time without an accelerated program with about $500,000. 
Sone at tent ion should also be given t o  the combination of t h i s  e f fo r t  
and that f o r  the Multivator. In  the remaining sections of this report, 
it will be assumed tha t  the effor t  on these two devices will be merged. 

The collection device, which i s  driven by a gas turbine, 
Separation of large par t ic les  

Optical Rotation 

The experimenters f o r  Optical Rotation are  Dr. Ira Blei and M r .  
S o l  Nelson of Melpar, Inc. The experiment i s  designed t o  measure the 
opt ica l  rotation of plane-polarized monochromatic l igh t  (254 m i l l i -  
microns) when it i s  passed through a solution prepared from a s o i l  
sample. If the experiment were t o  proceed as planned, the presence 
of opt ical ly  active compounds on Mass would be indicated. These com- 
pounds would presumably ar ise  via an asymmetric synthesis catalyzed 
by a l iving organism. There i s  the poss ib i l i ty  that conibinations and 
concentrations of asymmetric mater ia ls  could exist i n  the sample that 
would resul t  i n  a net zero rotation. 
ment exists as a laboratory model. 
sized instrument indicate the weight at 5.2 pounds, the volume at  
1-30 cubic inches, and the power a t  1.1 watts (exclusive of protection). 
The device requires that only one reading be made after a period (from 
s tar t  of experiment) of 415 seconds. The instrument has no par t icular  
orientation requirement and needs protection from the Martian night. 
Based on current proposals, the cost of development of a f l i g h t  instru-  
ment would be $q4,652, primazily f o r  engineering and engineering 
support. 
quate one, but a t  the present time there i s  no sample collecting device 
o r  a sample preparation technique f o r  use i n  conjunction with this  
experiment. Both of these are an absolute must f o r  the  success of 
the experiment on Mars. 
questionable. 
e i the r  sample concentration will be required or that re la t ive ly  large 
samples w i l l  have t o  be processed. For these reasons th i s  experiment 
does not appear t o  be a good candidate for a 1966 mission, but may be 
one fo r  a 1969 mission. 

A t  the  present t i m e ,  the instru-  
Current estimates f o r  a f l i g h t -  

The Optical Rotation experiment would appear t o  be an ade- 

The sensi t ivi ty  of the technique is also 
The probable low densities of Martian l i f e  suggest that 

- .  
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Wolf Trap 

. 

The experimenters f o r  Wolf Trap are Dr. Wolf Vishniac and 
Dr. C .  R. Weston of the Department of Biology, University of Rochester. 
The experiment i s  designed t o  measure bac ter ia l  growth ir: zpgropriate 
media by detection of changes i n  pH and i n  turbidity.  If the experi- 
ment w e r e  t o  f'unction as planned, it would indicate the presence on 
Mars of physiological ty-pes capable of u t i l i z ing  supplied sources of 
carbon, nitrogen, and energy f o r  growth (as measured by turbidi ty)  
and/or physiological ty-pes capable of changing the concentration of 
hydrogen ion at the expense of nutrients i n  the supplied media. If, 
however, the sample introduced i n  the device contained large m u n t s  
of colloidal par t ic les ,  the background noise might obscure any changes 
i n  turbidity.  Furthermore, the presence of hydrophilic substance, 
which might s w e l l ,  could produce l igh t  scattering without growth. 
Similarly, if the sample contained highly buffered so i l ,  changes i n  
pH might be prevented, while on the other side, the slow release of 
re la t ive ly  insoluble acidic o r  basic substance could give a change i n  
pH without growth. A t  the present time, the Wolf Trap i s  between the 
conceptual and f eas ib i l i t y  breadboard s ta tus .  Negotiations are i n  
progress (with B a l l  Brothers) for  a contract t o  cons3ruct a f l i gh t -  
sized model. 
have a weight between 2 and 5 pounds (one o r  f i v e  chanibers, respectively 
a volume between 125 and 4-00 cubic inches, and a power requirement of 
about 1 w a t t .  For each chamber, f i ve  channels will be read about every 
15 minutes u n t i l  a m i n i m  of about 40 readings has been obtained. The 
instrument would have t o  be oriented within about 60' of the loca l  ver- 
t i c a l .  Protection requirements have not as yet  been evaluated. I n  
summary, the sens i t iv i ty  of this experiment seems t o  be f a i r l y  low i n  
that a high density of organisms i s  required. 
sampler, but not adequate sample preparation and concentration t o  give 
a suff ic ient ly  high number of organisms per tube. The device also has 
a very nigh data transmission requirement which would appear t o  be 
beyond the capabili ty of a 1966 vehicle. It does not appear l i ke ly  
tha t  th i s  experiment could be ready f o r  1966 but may be a candidate 
f o r  1969. 

Based on current estimates the f l i g h t  instrument would 

The device includes a 

Other Experiments 

Several other experiments were covered by the survey but i n  some- 
w h a t  l esser  de ta i l .  For example, work has jus t  begun a t  Princeton 
University under Dr. Robert D. Allen on a microscopic system t o  measure 
dichroism, opt ica l  rotation, and phase retardations. Due t o  the eazly 
stage of the effor t ,  the device cannot be considered f o r  the 1966 
mission. It was not possible, in fact ,  t o  make a quantitative survey 
of this  experiment. 
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Another experiment was the u l t rav io le t  spectrophotometer under 
This device would be used t o  look a t  peptide study a t  Malpar, Inc. 

bonds at  1800 A. 
of a solvent tha t  w i l l  not absorb strongly a t  this  wavelength. 
ference from other materials i s  also unevaluated. 

This experime6t m y  be limited by the unavailabil i ty 
In te r -  

Some preliminary work has been done at Resources Research i n  an 
attempt t o  convert Gulliver t o  a device t h a t  can detect the presence 
of  a photosynthetic organism. 
accomplished by observation of the differences i n  generation of carbon 
dioxide i n  the presence or absence of l igh t .  
would appear t o  be of interest  but it i s  i n  too early a stage f o r  t he  
1966 mission. 

Presumably the detection would be 

This modified device 

An experiment which i s  designed t o  detect  microorganisms by 

This experiment may not 
determining the presence of Adenosine T r i  Phosphate (ATP) i s  a l so  
being considered at  Resources Research. 
require a landing vehicle since, a t  least potentially, it can be used 
on a probe if a high-volume sampling of the atmosphere during descent 
can be achieved. Demonstration of the experiment has been achieved 
i n  the laboratory on ear th  organisms. However, no work has been done 
toward an exobiological experiment and there is  currently no program 
t o  60 th i s .  More detailed information on t h i s  experiment i s  given i n  
appendix B. This information was voluntarily furnished by Dr.  
Gilbert Levin of Resources Research t o  personnel of the Exobiology 
Division at Ames Research Center. 

An automatic paper chromatograph f o r  detection of organics i n  
s o i l  is  being tes ted f o r  f eas ib i l i t y  by D r .  Wolf Vishniac a t  the 
University of Rochester. Dr. Vishniac does not consider t h i s  device 
as a candidate f o r  the 1966 mission. There are, of course, many 
similarities between this device and the gas chromatograph discussed 
previously. 

A f i n a l  device considered was the Vidicon Microscope. It has 
been estimated tha t  the transmission of an image from a microscope on 
Mass warld,take lo5 b i t s  f o r  a poor picture and lo7 b i t s  f o r  a good 
picture.  When this very large data requirement and the problems of 
specimen preparation and s l ide  searching were considered, no fur ther  
a t tent ion was given t o  th i s  device. 
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SURVEY OF VEHICLE SYSTENS 
- -  

, -  

This section i s  broken down into subsections describing various 
vehicle systems composed of f o u r  basic launch systems. 
systems considered are Atlas-Agena, A t l a s  -Centaur, Saturn I, and 
Saturn I-B. 
booster system is taken t o  be that  consistent with present state-of- 
the-art  estimates. In particular,  the potential  increase i n  booster 
capabili ty due t o  f luorination of t he  A t l a s  stage i s  only br ie f ly  
considered. 
has only recently been in i t i a t ed  a t  the Lewis Research Center so tha t  
any benefits  which may be forthcoming from this  procedure mst be 
considered only speculative a t  the present t i m e .  

The launch 

The payload capability (i.e., weight t o  Mars) of each 

A study program of the f e a s i b i l i t y  of LOX fluorination 

The mission prof i les  and vehicle systems considered are those 

The intent  here is  t o  present b r i e f ly  some of the 
systems derived from previous studies, e i ther  industry or  NASA 
Center studies. 
sa l ien t  features of typical mission modes associated with each booster 
system so that the cowa t ib i l i t y  of l ife-detection experiment require- 
ments with a particular vehicle system capabili ty can be easi ly  
assessed. 
and landing system weights are based on the Schill ing model atmos- 
phere. Effects of deviations f r o m  this  assumed atmosphere will be 
discussed later. 

It might be noted at th i s  point t ha t  a l l  entry vehicle 

A t l a s  -Agena System 

The Atlas-Agena booster combination i s  capable of putting 
approximately 450 pounds on the way t o  Mars. If consideration i s  
given t o  improved versions of the Agena system, the injection pay- 
load increases t o  approximately 550-600 pounds. If s t i l l  fur ther  
consideration i s  given t o  fluorination of the A t l a s  booster stage, 
the  payload may increase t o  a probable maxinu of about 750-800 pounds. 
Mission studies t o  date indicate t h a t  injected payloads of t h i s  mag- 
nitude are not sufficient t o  yield a significant and re l iab le  capa- 
b i l i t y  t o  place a payload on the surface of Mars. Hence, the A t l a s -  
Agena systems wi l l  probably continue t c  be limited t o  flyby missions 
i n  the future  insofar as the planet Mars i s  concerned. 
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A t l a s  -Centaur Systems 

It has been d i f f i cu l t  t o  obtain definit ive information on the 
performance capability, operational status,  and scheduling of the 
Atlas-Centaur vehicle. Based on discussions with various members of 
the Lewis Research Center and a telephone conversat-ion with M r .  
Vince L. Johnson, Head, Centaur Program, NASA Headquarters, the 
following conclusions have been drawn. The Atlas-Centaur will be 
capable of placing approximately 1300 pounds in to  a t ransfer  t ra jec-  
tory t o  Mars. "he maxima axial loads &..ring launch vi11 probably 
not exceed 6 g. Both axial and la te ra l  vibrational loads w i l l  prob- 
ably be less  than 5 g. 
b r i n g  the l a t e  1966 window, although no specific vehicles have been 
scheduled t o  that point. 

It w i l l  be available f o r  two l m c h e s  t o  M a r s  

Two basic spacecraft systems sized fo r  the Atlas-Centaur launch 
systems are br ief ly  sumnarized below. The f i r s t  system resulted 
from studies made by personnel at the J e t  Propulsion Laboratory and 
w i l l  be subsequently referred t o  as the "flyby bus plus capsule" 
system. The second system was evolved by members of the staff at  
Goddard Space Flight Center and w i l l  be referred t o  as the 'bus plus 
capsules I' sys t e m .  

Flyby bus plus capsule system.- The majority of the spacecraft 
mission prof i le  of th i s  system i s  identical  with that of Mariner C. 
The prof i le  i s  based on a capsule release near the planet and a relay 
l i r ik  communication system via the  bus as it f ly s  by the planet. 
al ternative capsule, i n  which a direct conammication l ink i s  employed, 
i s  also considered. The direct, and relay comnrunication l inks r e q i r e  
different capsule weights so  that  the t o t a l  weight t o  Mars f o r  each 
system i s  1204 pounds and 1254 p m d s ,  respectively. These xeights 
are within the expected capability of the launch system. 

An 

The bus part  of the spacecraft i s  functionally identical  with 
the Mariner C system but modified t o  include the addition of the land- 
ing capsule with i t s  result ing support requirements. Thus, whereas 
the Ihr iner  C spacecraft weighs 596 pounds, the present spacecraft 
bus weighs 807 pounds, of which about 50 pounds is a l lo t ted  f o r  instru- 
ments t o  make planetary and interplanetary measurements including scan 
equipment f o r  the planetary measurements. These instruments would 
probably not be volume limited. 

Both the direct  and relay communication l ink capsules are 48 inches 
i n  diameter and weigh 397 and 447 pmnds, respectively. 
will contain an ejectable entry subsystem including heat shield and 
structure,  a retardation system, landing impact and orientation equip- 
ment, temperature control equipment, power storage and conversion equip- 
ment, a one-way communication system fo r  sc ien t i f ic  and engineering 

The capsules 
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telemetry, separation equipment, on-board programming and sequencing 
elements, and instrumentation, sampling, data handling, and storage 
equipment. A component weight breakdown, including capsule subsystem 
weights along with other pertinent information f o r  this and subsequent 
spacecraft systems considered, can be found i n  table  111. 

The capsule guidance and control system weight i s  composed of the 
post-separation a t t i tude  stabil ization system and the propulsion system 
and support weights. Since the orientation of the landed capsule re la -  
t i ve  t o  the flyby bus i s  c r i t i c a l  f o r  the relay system, the  propulsion 
requirements are greater than for  the direct  system. This i s  reflected 
in  the greater guidance and control weight shown f o r  the relay system 
i n  table 111. It should be noted that this  does not affect  the capsule 
entry weight f o r  e i ther  system, since the guidance and control system 
i s  ejected prior t o  entry. 

The structures and heat-shield weights include ablation and 
insulation weights, aft covers, thermal control equipment, and internal  
structure.  

The parachute system and the landing system comprise the terminal 
deceleration weights. The parachute system includes a l l  chutes, reef- 
ing and cutting gem, stowage bags, sensors, deployment equipnent, and 
release systems. The landing system includes a l l  hardware required 
fo r  impact attenuation on the surface, erection of the payload, and 
orientation as necessary. 

The payload weight available f o r  a l l  experiments i n  both systems 
i s  30 paunds and does not include the data storage system. 
system amounts t o  about 4 pounds and has been included i n  the communica- 
t i on  system weight. 
be fixed absolutely but i s  estimated t o  be about 2-3 cubic f ee t  f o r  
both systems. 

The l a t t e r  

The -volume available f o r  the experiments cannot 

The maximum entry deceleration i s  expected t o  be about 150-200 earth 
g. The landing o r  impact loading i s  not expected t o  exceed this  level. 
I n  v i e w  of the f ac t  tha t  the max- launch loads were estimated t o  be 
only about 6 g, the maximum g loading constraint f o r  the experiments i s  
about 200 g. 

The power f o r  both capsule communication systems i s  provided by 
ba t te r ies  so tha t  the power system weights shown i n  table  I11 are due 
solely t o  bat ter ies .  The t o t a l  mission l ifetime due t o  power l i m i t a -  
t ions  varies from 30 hours f o r  the direct  l ink  system t o  4.0 hours for 
the relay mode. 
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The spacecraft bus design is  compatible with the use of the 
85-foot receiving antennas operating at S-Band. 
antenna at  Goldstone wil l  be required f o r  capsule operation i n  a 
direct  capsule-earth mode. 
not required f o r  the relay mode. 
the direct  link delivers 36 watts of rasiateci power whereas the t rans-  
m i t t e r  i n  the relay l i n k  delivers 45 watts of radiated power. The 
data r a t e  f o r  both comaunications systems is  6 b i t s  per second and 
earth acquisition time is  200 seconds. 
systems axe comparable i n  regard t o  communication system weight. 

U s e  of the 210-foot 

The 210-foot dish will be desirable but 
The capsule transmitter used i n  

A s  shown i n  table 111, both 

A fur ther  constraint on the experiment package i s  that due t o  
s te r i l i za t ion .  
sion Laboratory i s  heat s te r i l i za t ion  of the ent i re  entry capsule. 
This will require a temperature capability of 300' F for 24 hours 
fo r  each experiment and supporting equipment. 

The present plan being considered at  the  Jet Propul- 

Bus plus capsules system.- I n  th i s  spacecraft system, the bus 
as w e l l  as the capsule enters the Martian atmosphere. 
ejection of the capsules, the bus i s  designed t o  be destroyed by 
entry heating. 
since the t o t a l  injection weight t o  Mars i s  only 980 pounds. 
entry capsules are included i n  t h i s  system weight. 
th is  system i s  considered t o  have a higher degree of r e l i a b i l i t y  
than the "flyby bus plus capsule" system. 
t o  add a th i rd  entry capsule thereby further increasing the  r e l i a b i l i t y  
factor .  

However, a f t e r  

This system represents a "minimum weight" approach 
Two 

For th i s  reason, 

It appears possible, also,  

The spacecraft bus has a nominal diameter of 65 inches and i s  
capable of carrying up t o  20 pounds of experiments. 
do not appear t o  be volume limited and they can be designed t o  meas- 
ure the physical parameters of the planetary exospheres from the i r  
outer limits down t o  the al t i tude a t  which the bus burns up on entry. 

Such experiments 

Each entry capsule i s  approximately 39 inches i n  diameter and 
weighs 176 pounds. 
supporting structure, insulation, afterbody, and deployment power 
and an instrumentation section. After the capsule has entered the 
atmosphere, the pasachute i s  deployed at the proper a l t i tude  and the 
heat shield is dropped along with other structure leaving only the 
instrumentation section as the landing vehicle. Impact survival i s  
obtained through the use of an impact mitigator located on the side 
of the instrumentation section facing the planet during parachute 
descent. The instrumentation section contains the active and passive 
components necessary for planetary measurements. It i s  cylindrical  
i n  shape and has a diameter of 10 inches and a length of 20 inches. 
It contains 3 modular units: 
acquisition, and ( 3) transmitter. 
externally t o  the parachute side of the  cylinder, t ha t  is, opposite 
the impact mitigator. 

It is comprised of the heat shield including i t s  

(1) bat ter ies ,  (2) electronics fo r  data 
The experiment sensor package bol t s  
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The spacecraft i s  spin stabil ized. The propulsion requirements 
f o r  guidance applies t o  the complete spacecraft so that the guidance 
and control weight i s  assigned t o  the bus and none i s  assigned t o  the 
capsule i n  table 111. 

O f  the 84  pounds l i s t e d  f o r  stmctmes snd heat shield i n  
table 11, 8 pounds represent electronic support structure. 
insulation, structure, and afterbody weights account f o r  the remaining 

Ablation, 

76 po~nas .  

The parachute system weighs 20 pounds. This weight and the 
7 pounds necessary f o r  the shock mitigator on the instrument probe 
make up the t o t a l  terminal deceleration system weight. 

Each capsule has an experiment payload capabili ty of 15  pounds 
so that 30 pounds is  available with the two-capsule spacecraft system. 
As mentioned ear l ie r ,  the  system is  capable of transporting three 
entry capsules t o  Mars and s t i l l  be within the payload capabili ty of 
the Atlas-Centaur laxinch system. Thus, 45 pounds may be available 
f o r  experiments. The experiment payload volume, however, represents 
a serious limitation, since it i s  estimated t o  be only about 1 cubic 
foot per capsule. 

The maxixuum capsule deceleration during entry i s  about 90 earth 
g. 
maximum loading of approximately 140 earth g. 

On impact, however, the instrumentation probe can experience a 

Approximately 800 watt-hours of energy are required t o  accomplish 
the capsule mission. 
batteries - specifically, 23 paunds of silver/zinc ce l l s .  
lifetime due t o  power l imitations i s  48 hours. 

This requirement can be f u l f i l l e d  by the use of 
The t o t a l  

The over-all  spacecraft system presupposes the use of telemetry 
The 210-foot receiving ref lectors  are band at 2300 MC and the EIF. 

also required. 
f'urnishing 5 watts of power t o  the experiments when information i s  
being transmitted. mer imen t  output i s  converted t o  d ig i t a l  form 
using 7-bit word presented at  a 1-bit per second rate. 

The entry capsule and the bus are each capable of 

The planned s t e r i l i za t ion  procedure fo r  th i s  spacecraft system 
includes s t e r i l i z ing  both bus and capsules. It also includes the 
in te rna l  s t e r i l i za t ion  of a l l  parts, components, and materials by 
baking a t  260' F f o r  26 hours. !Thus, the temperature constraints 
on the experiments f o r  th i s  system are  similar t o  those of the flyby 
bus plus capsule system. 
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Saturn Systems 

The first phase o the NASA interplanetary program consist of 

The follow-on 
vehicles i n  the Mariner c lass  - that  is, vehicles sized f o r  either 
the Atlas-Agena o r  YIie Atlas-Centaxr launch systems. 
phase has been termed Voyager - that is, vehicles sized f o r  the Saturn 
booster. 
Mariner class, some resu l t s  of recent Voyager mission studies are  
discussed below t o  point up the potentially large payload capabi l i t ies  
of systems sized f o r  the Sa tu rn  I and I -B  boosters which might be 
available should the presently conceived Atlas-Centaur system prove 
deficient o r  should it be delayed t o  the 1969 launch window. For 
example, typical  vehicle weights which can be injected into an E a r t h -  
Mars t ransfer  t ra jectory using Saturn I and I -B  launch systems we 
shown i n  table  I11 and are 3200 and 6000 pounds, respectively.' 
weights represent approximately a two- t o  five-fold increase i n  injected 
payload capabili ty compared t o  the Atlas-Centaur vehicle. 
later,  this can be translated into a one t o  two  order of magnitude 
increase i n  payload landable on Mars' surface. Based on industry 
studies, it appears possible t o  have such Saturn-class payloads avail- 
able f o r  launch at the occurrence of the January 1967 launch window. 
However, there may be a cpestion on the ava i lab i l i ty  of a Saturn 
booster f o r  this Mars opportunity due t o  other program connnitments. 

Although the 1966-67 Mars mission is  considered i n  the 

These 

As discussed 

The weight breakdowns and other information shown i n  table  I11 
f o r  the Saturn launch systems were obtained from mission studies made 
by industry fo r  a January 1.967 launch date. 
such as the 1969 o r  1971 window opportunities, the numbers shown i n  
the table w i l l  change but the comparisons and general trends discussed 
below w i l l  remain essent ia l ly  the same. The studies referred t o  above 
are conceptual so tha t  the numbers shown i n  the table are preliminary 
and approximate. They merely represent estimates of wha t  appears t o  
be a feasible  capabili ty of a vehicle system which comprises a bus and 
lander i n  one case and an orbi ter  and lander i n  the other case. For 
purposes of t h i s  br ief  discussion, only cer ta in  mission capabi l i t ies  
of the landers &e considered. 

For l a t e r  launch dates, 

It will be noted from table  I11 that, i n  general, a greater per- 
centage of the vehicle system weight can be a l lo t ted  t o  the lander 
with increasing vehicle system weight (i.e., booster capabili ty).  
O f  greater importance, however, i s  the f a c t  that the percentage of 
the system weight t o  Mars available f o r  experiment payload, that is ,  
payload fraction, increases substantially f o r  the heavier systems. 
This i s  depicted graphically i n  figure 1. It can be seen, f o r  example, 

%e complete Saturn launch system i s  presumed t o  have a th i rd  
s tage f o r  injection into the transfer trajectory.  
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I -  - that the payload fract ion increases from about 3 percent of the 
injected weight i n  the case of Atlas-Centaur systems t o  over 30 per- 
cent f o r  the Saturn I-B system. It i s  realized, of course, tha t  not 
a l l  of the systems and/or mission prof i les  were deri-red from the 
same ground rules. 
i s  s t i l i  valid since, i r i  zach case, the systen represents 8t. least 
a quasi-optimization of payload weight. 

Nevertheless, the trend indicated i n  figure 1 

The entry capsules of a l l  the systems considered had essent ia l ly  
the sane shape as the NEW-Discoverer capsule. Therefore, only the 
weight and s ize  of the vehicle affected the heat-shield considerations. 
The weight penalty f o r  heat shield and structures comprises about 
50 percent of the entry capsule weight f o r  the lower weight Centaur 
systems. 
heavier Saturn systems. 
mum weight systems suffer i n  payload capabili ty because of the heat 
shield and structure requirements. 

This percentage i s  l e s s  than 20 percent i n  the case of the 
One implication of t h i s  r e su l t  i s  tha t  mini- 

One of the constraints employed i n  the s tudy  of the Saturn-sized 
vehicles was that the impact loading was t o  be no greater than the 
maximum entry deceleration. 
90 g, this i s  the value used i n  table I11 t o  represent the loading 
constraint on the experiments f o r  t h i s  system. 
it i s  actually less than f o r  t he  other systems. 

Since t h i s  deceleration was found t o  be 

It will be noted tha t  

The communication and power systems weights f o r  the Saturn system 
landers represent the laxgest increase i n  weight requirements. 
ever, both the c o m i c & i o n  and power systems capabi l i t ies  have a l so  
increased substantially. 
mission rates axe higher by three orders of magnitude and the l ifetime 
has increased by nearly two orders of magnitude. 
dish was assumed i n  th i s  study.  
same f o r  a 210-foot dish compatibility. 

How- 

Notice, f o r  example, t ha t  the data trans- 

The use of a 25O-foot 
The conclusions are essent ia l ly  the 

The s t e r i l i za t ion  requirements were assumed t o  be the same as 
those used at  the J e t  Propulsion Laboratory so t ha t  the temperature- 
time constraints are  the same as those f o r  the  flyby bus plus capsule 
system. 

DISCUSSION 

As i s  apparent i n  the descriptions contained i n  some of the fore- 
going sections, the  life-detection experiments surveyed f a l l  in to  two 
general categories. 
i s ,  the detection of organic compounds. 

One of these i s  based on organic analysis, tha t  
The second i s  biological, 
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that is ,  the detection of growth and/or metabolism of some indigenous 
l iving system. 
of success i n  the detection of l i f e .  
growth or metabolic experiments i s  t h a t  t h e i r  success i s  t o t a l l y  
dependent on a successful choice of media. 
aqueous and the proposed exper5nerits by necessity w i l l  be carr ied 
out at  high levels of water activity.  
large gaxtible for  Mars i n  that any organism introduced t o  the medium 
will have had an evolution tha t  has been most l ike ly  i n  the opposite 
direction, since l iquid water on Mars i s  a t  best  an unlikely event 
and may well be impossible. 
l i f e  on Mars are halophilic organisms. 
t o  grow but are lysed when placed i n  media containing low concentra- 
t ions of "salt." Primarily for these reasons, the detection of 
organic compounds on Mass i s  probably a more re l iab le  preliminary 
approach t o  ex t r a t e r r e s t r i a l  l i f e  studies. However, such detection 
is  not necessarily indicative of the presence of l i f e ,  since it has 
now been shown tha t  organic coxupounds can be synthesized abiogenically 
under primitive conditions. "he presence of such compounds neverthe- 
l e s s  would be of great sc ien t i f ic  importance as w e l l  as being a 
possible indication of l i fe .  

Neither of these techniques by itself i s  guaranteed 
The major shortcoming of the 

A l l  proposed media are  

This choice may be a very 

For example, possible candidates f o r  
Some halophiles not only f a i l  

In  terms of the specific objectives of the present study, the 
r e su l t s  obtained by the team indicate tha t  there are three experiments 
which have a reasonable chance of being ready i n  time fo r  the 1966 M a r s -  
Mariner mission. These are  the Gas Chromatograph, Gulliver, and M u l t i -  
vator (or Minivator). 
experiment. The Gas Chromatograph and Gulliver have problems of sample 
collection, preparation, and concentration, although these probl-ems may 
be somewhat l e s s  fo r  the Gas Chromatograph than f o r  Gulliver from the 
standpoint of sample concentration. The increased support required f o r  
any one of these experiments, t o  m e e t  the 1966 schedule, would amount 
t o  between $200,000 and $425,000 (see table  I). 

A t  present, however, Mult ivator  has no complete 

While each experiment has i ts  own problems, the most serious 
problems tha t  ex is t  i n  the selection of a l ife-detection experiment 
f o r  the 1966 mission appear t o  be of a universal nature, cormon t o  
a l l  experiments. Among the  most important of these is the current 
s ta tus  of sampling systems. To date, no adequate sampling device, 
sample concentration mechanism, and sample preparation system has been 
devised. 
the  development of adequate sampling systems i s  a d i f f i cu l t  task. For 
example, the Martian s o i l  ( if  the  term is applicable) w i l l  probably 
contain fewer than lo5 bacteria per cubic centimeter found in eart'n 
desert  so i l .  The few attempts that have been made t o  incorporate 
sampling systems into l i f e  detection devices are considered inadequate 
and preliminary. The problem of sampling, then, at  t h i s  stage i s  

In  view of the probable low concentration of l i f e  on Mars, 
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probably more fundamental and important t o  l i f e  detection than the  
l i f e  detection device i tself .  In  f ac t ,  the absence of suitable sample 
collecting and concentrating devices at  this time may actually prevent 
the inclusion of a l ife-detection device f o r  the  1966 M i n e r .  
would be helpful, although perhaps not feasible, i f  a single sample 
collectior. c?evice cordd be fievised which could obtain m d  prepare s m -  
ples f o r  more than one l ife-detection experiment. 
t ion  of the survey team, then, tha t  the development of devices f o r  
sample collection, concentration, and preparation be given prompt con- 
s iderat  ion. 

It 

It i s  one recomenda- 

In  most respects, the  problems introduced by the need f o r  
s t e r i l i za t ion  are also common t o  a l l  experimer,ts. 
a f fec t  primarily the electronic components of the device and a l l  
experiments have these components. 
t i o n  are being thoroughly dealt  with elsewhere, they have not been 
treated in  any detail i n  the present report. This exclusion does not 
indicate any feel ing that the s te r i l i za t ion  problem i s  not a serious 
one, however, and cme was taken t o  gather as mch  information as pos- 
sible on the par t icular  s te r i l i za t ion  problems associated with each 
experiment. 

These problems 

Since the problems of steri l iza- 

This collected msterial i s  contained i n  appendix 3. 

Another problem exis t s  because a definit ion of the experiment 
vehicle interface i s  lacking. A t  t h i s  t i m e ,  a l l  experiments which 
have reached some stage of hardware development are hampered as far 
as actual prototype development is concerned since there has been 
no experiment-vehicle interface on which t o  base prototype development. 
The 1966 Mariner mission and vehicle mst be defined before such proto- 
type development can proceed. It appears pointless t o  s t r ive  f o r  
experiment hardware development without knowledge of the l imitations 
imposedby the transport  vehicle. 
team, therefore, that every e f for t  be made t o  define the vehicle- 
experiment interfaces and tha t  t h i s  information be disseminated t o  
a l l  experimenters. 

It i s  another recommendation of the 

In a m r e  general sense, it appeared during the  present survey 
that  there was a lack of c o m i c a t i o n  between the various experi- 
mecters involved in the l ife-detection program. For this  reason, it 
may be appropriate t o  consider the ins t i tu t ion  of periodic meetings 
of an informal nature during which the  several experimenters could 
converse on mutual problems and where they couldbe advised of the 
problems associated with the constraints imposed by the transport 
vehicles. 

Probably the most serious drawback t o  the Mariner 1966 mission 
f o r  the detection of l i f e  on Mars i s  the marginal capabili ty of the 
Centaur vehicle systems. Although the  Centaur systems considered 
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ear l ie r  appear t o  have the payload and telemetry requirement capa- 
b i l i t i e s  t o  place the Gulliver, Gas Chromatograph, and Multivator 
experiments on Mass (see tables I1 and 111) , there are other con- 
siderations which make the use of these systems highly doubtful. To 
be specific,  existing knowledge of the en-rironment of Mars indicates 
tha t  if l i f e  tioes exls t ,  it wmld be l imi ted  t o  certain regions of 
Mars which can be reasonably well defined. For example, l i f e  on Mars 
i n  any appreciable concentration is almost certainly limited t o  lat i-  
tudes of some 30° or 40' and even in  t h i s  b e l t  it may be res t r ic ted  
t o  the dark areas which constitute about one-third of t h i s  region. 
The area of in te res t  is  then about one-fifth of the Martian surface. 
With the Centaur system, however, the guidance and control capabili t ies 
are limited and the landing si te cannot be controlled. The vehicle m y  
very well land in  some location i n  which one would not even remotely 
expect t o  f ind l i f e ,  such as the polar caps. 
there is  a reasonable chance of missing a suitable location f o r  a l i fe -  
detection experiment. 

It appears then tha t  

Another very serious problem is the uncertainty in  the atmosphere 
of M a r s .  
the Schilling model atmospheres. Recent interpretation of observed 
data by D r .  L. Kaplan of the Jet Propulsion Laboratory indicates sub- 
s t an t i a l ly  lower surface pressures (about 15 mill ibars) compared t o  
the  mean Schilling model value (about 85 mill ibars),  and a much higher 
CO2 content. If the surface pressures are indeed lower, then the 1966 
Mariner vehicle studies wi l l  have t o  be re-evaluated and it would seem 
that, a t  best ,  a very large uncertainty exis ts  i n  the assumption tha t  
a sof t  landing with a usable payload can be assured. 
noted, also, that at a pressure of 15  millibars, water boi ls  at 56" F 
and freezes at  32' F so tha t  there i s  only a 24' F range for  l iquid 
water t o  exist .  

The vehicle studies previously discussed were a l l  based on 

It should be 

Since the d i f f icu l t ies  associated with lack of landing s i t e  control 
and with atmospheric uncertainties w i l l  probably not be resolved fo r  
the  1966 mission, it may be desirable t o  delay the life-detection experi- 
ments t o  a date compatible with a Voyager-type vehicle. Such a delay, 
of course, i s  not a t t ract ive.  
answer, it may very w e l l  be worth a considerable ganible t o  include any 
available life-detection experiment i n  the 1966 mission even though the 
uncertainties are so  extensive. 

In v i e w  of the significance of a positive 

In  surmnary, it would seem advisable,if a sof t  lander i s  indeed 
feasible  f o r  the 1966 Mariner, to  include a l i f e  detection device which 
is  not dependent on growth or metebolism, but rather a device designed 
for  analysis such as the Gas Chromatograph o r  possibly the Mass Spec- 
trometer. Both of these experiments are capable of a f a i r l y  detailed 
analysis of the surface composition, particularly i n  regard t o  organic 
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content. 
atmospheric composition should be mde at the same t i m e .  Pay-ticularly 
important are temperature measureaents, giving some spa t ia l  resolution 
across the surface of the planet. 
later landers of  the Voyager type with larger  payload capabi l i t ies  can 
incorporate those experiments such as Gzllliver, which give us much 
more detailed information concerning l i fe .  If ,  on the other hand, the 
atmosphere of Mars i s  such tha t  a s o f t  lander fo r  the 1966 mission i s  
not feasible,  then it does not seem l ike ly  tha t  a l ife-detection 
experiment can be included at all and a strong emphasis should be 
placed on the definit ion of the atmosphere (thermodynamic structure) 
as the primary vehicle experiment so t ha t  design of a lander f o r  later 
Voyager-type missions could be insured. 

If possible, other determinations such as temperature and 

With this type of information, 

A s  a resu l t  of the survey that has been made of l ife-detection 
experiments, it appears t ha t  only three have a reasonable charice of 
meeting the schedules imposed by the 1966 Mars-Masker mission. 
of these three i s  the  f i l t i v a t o r ,  f o r  which there i s  no complete experi- 
ment. 
e i ther  sample acquisition o r  preparation problem (Gas Chroraatograph) 
or sample concentrat ion problems (Gulliver . 

One 

The other two are the G a s  Chromatograph and Gulliver, which have 

The most serious problems encomtered i n  the present survey are 
Sone of of a universal nature, common t o  v i r tua l ly  a l l  experiments. 

these can be corrected by appropriate action; others cannot. 
example, adequate sample collection, concentration, and preparation 
devices have not been devised. In view of the probable low concentra- 
t i on  of l i f e  i n  the Martian so i l ,  t h i s  omission i s  serious and it i s  
recommended that the development of appropriate devices 5e given prompt 
attention. It i s  also recommended tha t  c lear  definit ions of experiment- 
vehicle interfaces be evolved and supplied t o  a l l  experimenters. 
of these def ini t ions i s  curren+,ly hampering instrument prototjrpe 
development. 

For 

Lack 

Problems f o r  which corrective action i s  proba3iy not possible 
before the 1966 mission resu l t  from the inabi l i ty  t o  control the land- 
ing s i t e  and from the uncertainties i n  the Mastian atmosphere. 
of these problems have serious ramifications i n  t e r m  of the probable 
success of a l ife-detection experiment. These ramifications are so 
serious that the inclusion of a l ife-detection experiment on the 1966 
Mariner may be an exceedingly poor r i sk .  
appropriate t o  delay such experiments for a Voyager vehicle. 
the end, the decision i s  t o  include a l ife-detection experiment on 

Both 

It .may, f o r  example, be more 
I f ,  i n  



. .  

M i n e r ,  it i s  recommended that it be one not dependent on growth or  
metabolism for success. 
that a suitable ecology must be provided f o r  unknown l i f e  forms. 

Such experiments require the added uncertainty 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington 25, D. C. 

. . - -  I &  - 

In reply re fer  to: SB 

MEMORANDUM TO: Director, Ames Research Center 

 lay 22, 1963 

FROM : Director, Office of Space Sciences 

SUBJECT : Life Detection Experiments f o r  Mars Mariner 1966 Mission 

Your attention is  invited to  the attached memorandum from 
Dr.  O r r  E. Reynolds. 

It i s  requested tha t  the Ames Research Center prepare the status 
report as outlined by D r .  Reynolds, with a f ina l  report due i n  
the Headquarters not later than 15 August 1963. 

Your early response t o  t h i s  request w i l l  be appreciated. 

/s/ E. M. Cortright 

Homer E. Newell, Director 
Office of Space Sciences 

Attachment : 
Memorandum from SB 
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COPY - 
United States Government 
MEMORANDUM 

TG : : S/Dr .  Homer E. Newell 

From : SB/Dr. O r r  E. Reynolds 

COPY - 

Subject: Status and Recommendations for  Life Detection Experiments t o  
be Considered fo r  the Mars Mariner 1966 Mission 

It is  necessary f o r  the Biosciences Subcommittee t o  arr ive a t  a decision 
concerning one or more exobiology experiments t o  be included on the f irst  
Mars landing capsule. 
brought up-to-date on the s ta tus  of those experiments which are  presently 
i n  varying degrees of study and development. 

I n  order t o  do th i s ,  the subcommittee m u s t  be 

Although only 8 or 10 experiments are involved a t  the present time, the 
overall  job is  quite complex and i s  far beyond the time and ta len t  
available in  q y  own staff. 

It is  suggested, therefore, t ha t  t h i s  job be assigned t o  an organization 
with biological and engineering competence as well as one f ree  of bias 
towards any par t icular  approach or sc ien t i f ic  personality. In  sp i te  of 
the thus f a r  limited manpower in exobiology a t  Ames, t h i s  group together 
with the consultive services available in the Bay area (particularly a t  
Berkeley( and the excellent Instrumentation Division a t  Ames, places t h i s  
center in a unique position with respect t o  the aforementioned cr i te r ia .  
The responsibil i ty and mission of the Ames Research Center with respect 
t o  NASA's overall organization, indicates tha t  t h i s  problem falls within 
the province of the Center's mission and capability. 

It i s  therefore requested tha t  the Ames Research Center be asked t o  
determine the status of each of the proposed "life detection'' experiments, 
t o  determine what must be done t o  make them ready for  the 1966 mission, 
t o  determine which experiments cannot sat isfactor i ly  meet the schedule 
f o r  the f irst  mission under any circumstances, and t o  submit f inalized 
recommendations t o  my off ice by 15 August 1963. 

An ear ly response from the Center's Director i s  needed together with the 
proposed procedure for handling the assignment. 
Laboratory, Goddard Space Flight Center, and NASA Headquarters are 
prepared t o  provide any information o r  assistance required fo r  
expediting t h i s  study . 

The J e t  Propulsion 

/s/ O r r  E. Reynolds 

Orr E. Reynolds, Director 
Bioscience Programs 
Office of Space Sciences 
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COPY - 
May 29, 1963 

From Ames 
To NASA Headquarters - Attention: D r .  Homer E. Newell, Code: S 

S-Lbject: Life Detection Experiments f o r  Mars Mariner 1966 Mission 

Reference: NASA Hq. l e t . ,  May 22, 1963, D r .  Homer E. Newell, Ref. SB 

1. Ames Research Center i s  pleased t o  comply with the request of 
To th i s  end a L i f e  Detection Experiments your le t te r  of May 22, 1963. 

Team is  being established a t  the Center under the chairmanship of Mr. 
C. A. Syvertson, Chief of the Mission Analysis Division, and with appro- 
pr ia te  members from the l i f e  science, physical science, and engineering 
elements of the staff. 

2. 
independent studies required t o  prepare the status report on the subject 
experiments and the f i n a l  recommendations fo r  your office by August 1.5, 
1963. 
is  ful ly  organized and operating, and we w i l l  welcome additional informa- 
t ion  and assistance as required f r o m  your office, the Jet Propulsion 
Laboratory, and Goddard Space Flight Center. 

This team i s  charged with carrying out a l l  evaluations and 

You w i l l  be regularly advised of the team's ac t iv i t i e s  when it 

/s/ Smith J. Defiance 

Smith J. Defiance 
Director 

AJE: j d  
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NASA - Ames 

COPY - 

Moffett Field, California 
May 31, 1963 

MEMORANDUM for Division Chiefs and Branch Chiefs 

Subject: Formation of a Life Detection Ecperiments Tern a t  Ames Research 
Center 

1. This Center has been requested by the Office of Space Sciences 
t o  prepare a s ta tus  report and submit f i n a l  recommendations on l i f e  
detection experiments f o r  the Mars Mariner 1966 Mission. 
satisfying th i s  request, there is established, effective immediately, a 
Life Detection Experiments Team a t  Ames Research Center. 
operate as an ad hoc element of the Mission Analysis Division, and it 
w i l l  consist of the following menibers: 

Pursuant t o  

This team w i l l  

M r .  C. A. Syvertson, Chairman 

Science Engineering 
D r .  Richard Young, Vice Chairman Mr. RaymoEd c. Savin, Vice m a i m  - -  
M r .  Vance Oyama 
D r .  Robert B. Painter 
D r .  Laurence I. Hochstein 
D r .  Hans  J. Trurnit 
M r .  Jacob H. Miller 

M r .  George Clemens 
M r .  Frederick A. Demele 
M r .  Ralph W. Donaldson, Jr. 
Mr. Richard 0. Fimmel 
M r .  George H. Holdaway 

2. The subject team is responsible for determining the s ta tus  of 
each of the proposed l i f e  detection experiments from both the science 
and engineering points of view. 
must be done t o  make each scient i f ic  experiment ready fo r  the 1966 mission. 
The status report and f i n a l  recommendations result ing from t h i s  study w i l l  
be submitted f o r  Center review not l a t e r  than August 1, 1963, and they w i l l  
be submitted t o  the Office of Space Sciences, NASA Headquarters, not l a t e r  
than August 15, 1963. 

Careful attention w i l l  be given t o  what 

/s/  Smith J. DeFrance 

Smith J. DeFrance 
Direct or 

63/28 
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SB(FHQ:cj) 

COPY - 
6 June 1963 

AIR MAIL 

Dr. Klaus Biemann 
Department of Chemistry 
Massachussetts Ins t i tu te  of Technology 
Cambridge 3 9 , Mas sachus s e t t s  

Dear Dr. Biemaim: 

The Ames Research Center has been requested by NASA Headquarters 
t o  conduct a survey of possible l i f e  detection experiments for the 
proposed 1966 Mars Mariner Mission. 

Accordingly, representatives of Ames will v i s i t  your ins t i tu t ion  
during the June 17 t o  28 time period. 

Final dates and arrangements w i l l  be made direct ly  from the Ames 
Research Center. 

Sincerely yours, 

Original signed by 
Freeman H. QuMy 

FreemanH. Quimby 
Chief , Exobiology 
Bioscience Programs 
O f f  ice of Space Sciences 

CC: Code S Reading f i l e  
SB/Dr . Reynolds 
SB/ Mr. H a l l  
Mr. C.A. Syvertson, Ames Research Center 

Identical  l e t t e r s  sent to: Dr. Wolf Vishniac, Dr. Gilbert Levin, Dr .  
Ira Blei, D r .  George Hobby, Dr. Joshua Lederberg, D r .  Robert D. Allen, 
and Dr. R. E. Kay. 
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June 13, 1963 
COPY - 

SPECIAL DELIvEl iy  

D r .  Joshua Lederberg 
Department of Genetics 
Medical School 
Stanford Uait.ersi+,y 
Stanford, California 

Dear Dr. Lederberg: 

Recently you received a l e t t e r  from D r .  Freeman H. &ui-lriby of the 
NASA Office of Space Sciences indicating tha t  the Ames Research Center 
had been requested by NASA Headquarters t o  conduct a survey of possible 
l i f e  detection experiments f o r  the proposed 1966 Mars Mariner Mission. 
It was further noted tha t  as pa r t  of t h i s  survey you w i l l  be vis i ted by 
representatives of Ames during the l a t t e r  par t  of June. I n  general, 
there w i l l  be two representatives making t h i s  vis i t ;  one w i l l  represent 
l i f e  sciences and one physical sciences and engineering. As indicated 
i n  D r .  Quimby's l e t t e r ,  the specific arrangements f o r  each v i s i t  w i l l  be 
made on an individual basis and generally by telephone. 

re la t ive t o  the status and support requirements of each of several exper- 
iments. With t h i s  information the survey team w i l l  attempt t o  a s s i s t  the 
experimenter and the Office of Space Sciences i n  evaluating what remains 
t o  be done t o  convert each experiment into a f l i g h t  instrument. 
order t o  expedite the collection of t h i s  information and i n  order t o  pro- 
vide a consistent s e t  of information f o r  each experiment, a group of 
tentative questions t o  be discussed during the visits has been prepared. 
Two copies of t h i s  group of questions i s  forwarded With th i s  l e t t e r  t o  
provide the experimenter with an advance indication of the type of infor- 
mation sought. It is emphasized that  these questions will serve only as 
a guide and are being forwarded primarily t o  reduce the time required of 
a11 par t ies  involved i n  conducting the survey. If necesszlry, any of the 
questions can be c la r i f ied  during t h i s  v i s i t .  

do so,  a demonstration of each experiment be arranged dwing the v is i t .  

is  i n  the 1966 mission, information pertinent t o  subsequent opportunities 
t o  explore Mars i s  also sought. 

appreciated. 

One of the primary purposes of the v i s i t  is t o  collect  information 

In 

It is fur ther  requested that,  i f  it is possible and reasonable t o  

It should also be noted that,  while primary in te res t  a t  t h i s  time 

Your cooperation i n  the conduct of t h i s  survey w i l l  be greatly 

Very t ru ly  yours, 
/ s /  C. A. Sy-vertson 

C. A. Sy-vertson 
Chairman, Life Detection Ekperiments Team 

CAS:vej 
EnC . 

Tentative Questions 
fo r  visi ts  (2 c q j e s  ) 

cc: NASA Hq - Code: SB, w/o enc. 
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SURVEY OF LIFE-DETECTION EZPERIMENTS FOR MARS MARINER 1966 MISSION 

I. Scientific Experiment 

A. What is your present experiment designed t o  determine? 

B. Does t h i s  represent a departure from any previous objectives? 
If so, why? 

C. What are the non-biological systems which, when assayed in your 
device, might react as if  they were biological? 

D. What controls are included in  your experiment? 

E. What is  the prftsent and projected sensi t ivi ty  of your experiment? 

F. What is  the reference standard i n  the experiment? 

G. What biological materials (e.g., enzymes, substrates, etc.  ) are 
used in the experiment? 

H. What are the t o t a l  nuniber of samples your instrument requires? 

I. What is the proposed technique and apparatus required f o r  sample 
acquisition? 

J. Does the sample have to  be treated i n  any special  way pr ior  t o  
observation? 

K. If so, exactly what apparatus and how much material o r  reagents 
w i l l  be required fo r  such treatment? 

L. How many sample-taking, processing and test-result-conditioning 
cycles Will be required t o  obtain the minimum amount of informa- 
t ion t o  consider the experiment f ru i t fu l ?  

M. What instrument components are used i n  the experiment? 

N. Are a l l  experiment instrumentation requirements sa t i s f iab le  within 
the s t a t e  of the a r t ?  If not, what development is  required? 

0. What w i l l  be the weight and volume requirements of a n  instrumenta- 
t ion (individual weights and volumes also cumulative weight and 
volume ) ? 
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P. Is the function or l ifetime of your t o t a l  instrument, including 
a l l  individual components, affected by: 

(1) Temperature 
(2 )  b d l a t i o n  
(3) Pressure 
(4)  Impact and vibration 

Q. How w i l l  the instrument be s ter i l ized? 

R. What w i l l  be the susceptibil i ty of the instr;ument t o  s t e r i l i z a -  
t ion  by: 

(1) 3 cycles of 145' C fo r  36 hours each? 
(2 )  1 cycle of 135' C f o r  24 hours? 
(3) 1 cycle of 125' C fo r  24 hours? 
(4)  ethyzene oxide? 

S. Is the instrument suitable for aseptic assembly? 

T. What prelaunch, in-flight, and post -handling t e s t  and calibration 
of experimental apparatus, if any, w i l l  be required or desirable 
and haw w i l l  these be accomplished? 

U. How, precisely, w i l l  progranrming and command required f o r  the 
experiment be accomplished (e.g., startup, sequencing, time 
identification, e tc . )?  

V. What will be done t o  determine r e l i ab i l i t y  figures for the 
instrument? 

W. What are other current problem areas? 

11. Measurement Requirements 

A. What restr ic t ions and tolerances, i f  any, must be placed on the 
physical a t t i tude  of the instrument with respect t o  Mars terrain? 

B. For both present and projected minimum detectabil i ty levels, pre- 
c isely how long w i l l  be required t o  take, process, tes t  and 
condition t e s t  results t o  the point where these resul ts  are i n  
suitable form fo r  transmission t o  Earth? 

C. Does the instrument make continuous readings, or does it require 
a single chaniber per reading? 

D. What minimum and maxhum b i t  rates w i l l  be required t o  make the 
experiment f r ~ i t f u l ?  
accuracy, and resolution of t e s t  resul ts  t o  be transmitted.) 

(This -lies what w i l l  be required range, 
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E. Can the detection system be saturated? 

. 

F. What exactly w i l l  be the quality and type of the signal which 
occurs a t  the output of the i n s t m e n t a t i o n ?  

G. What w i l l  the minimum input impedance requirement a d  tolermce 
t o  the interface have t o  be t o  handle the signal adequately? 

H. What are the precise power requirements of the experiment 
instrumentation ( including environmental control) ? 

(1) What s o r t  of peak loading can be expected? 
(2 )  What so r t  of ainimum loads can be expected? 
(3) What w i l l  be the required quality of the power (AC, DC, 

(4 )  For what 3eriods of time w i l l  power be required (i.e.,  power 
voltage tolerance, e tc . )?  

prof i le  ) ? 

I. Is your instrument susceptible t o  interference from other space- 
c ra f t  instruments and equipments? 

111. Status and Scheduling 

A. From a sc ien t i f ic  standpoint, what i s  the present s ta tus  of the 
experiment? 

B. From ar, engineering standpoint, what is  the present s ta tus  of the 
experiment? 

C. When do you expect t o  be able t o  &enionstrate the functional 
f eas ib i l i t y  of the experiment? 

D. By what date do you expect t o  have the weights and sizes of your 
instrument reduced t o  the i r  minimum values? 

E. When do you expect t o  have a f l i g h t  prototype instrument ready 
( i . e . ,  a rugged instrument which has been f i e l d  tested and i s  
sc ien t i f ica l ly  satisfactory)? 

F. What i s  the current manpower s i tuat ion of the experiment and 
what additional manpower (numbers and disciplines) w i l l  be 
required t o  have the prototype instrument ready by Nov. 1, l9&? 

G. What is  the current funding s i tuat ion of the experiment and what 
additional funding w i l l  be required t o  have the prototype instru- 
ment ready by November 1, 1964. 
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APPEM>IX B - ExpERlMENT SURlZY RESULTS 

The following subappendices recap the information obtained by the  
survey t e a m  with the aid of the questionnaire reproduced in appendix A. 
This information is  presented precisely as it was obtained in the sur- 
vey and it is free from comment of the survey teams. 
were examined in three areas: 
Measurement Requirements, and ( 3 )  the Status and Scheduling. 
subappendix has the  following items: 

The exper-nts 
(1) the Scientific Experiment, (2) the  

Each 

Scient i f ic  EXperiment 
O b  j ect  ive 
Effect of Non-Biological Systems 
Controls - Reference 
Sensit ivity 
Biological Materials Required 
-ling 
Instrument at  ion 
Weight and Size 
L i f e t i m e  Effects 
Ster i l izat ion 
Testing 
Rel iabi l i ty  

Problem Areas 
Programming and Command 

bkasurenaent Requirements 
Status and Scheduling 

The subappendix designated f o r  each experiment is: 

B-1. 
B-2 
B-3 
B-4 
B-5 
B -6 
B-7 
B-8 
B-9 

Gas Chromatograph 
Gulliver 
"J" Bans 
Mass Spectrometer 
Measurement of ATP 
Minivat or  
Mult ivat  or  
Optical Rotat ion 
Wolf Trap 
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B-1 GAS CIIROMATOGRAPH 

I 
I . 

I -  

I * -  

The information on t h i s  experiment w a s  furnished by letter from 
M r .  Robert V. Xegiirebllm, Chief, Space Science Division of the Jet 
Propulsion Laboratory, CaEf ornia Ins t i tu te  of Technology, Pasadena, 
California, July 12, 1963. 

Sc ient if i c  Experiment 

Objective: 

The present experiment is  designed t o  detect  the presence of 
organic matter in s o i l  samples obtained from the Martian surface. 
From the returned data it would be possible t o  deduce tha t  cer ta in  
types of organic compounds are present and it a l so  may produce highly 
indicative but not necessarily definit ive information concerning the 
presence of l i f e  on Mars. It is a complementary experiment t o  grovth 
and metabolism experiments. If organic matter is  found, t h i s  experi- 
ment w i l l  provide general background information useful f o r  planning 
future  experiments . 

It may: (1) detect the presence of any organic matter in s o i l  
Eamples, e i ther  biogenic or abiogenic; (2)  suggest the presence of 
l i f e  by proiiucing fingerprint  chromatograms of the py ro lys i s  products 
of known biochemical compounds, e i ther  of l iving organisms, t h e i r  
metabolic products, o r  the degraded products of dead organisms; ( 3 )  in- 
dicate  the presence of a possible, unknown biochemistry; and (4)  pro- 
vide information on any existing Marttan abiogenic organic chemistry. 

Preliminary work on the gas chromatography of the vo la t i l e  pyro ly -  
sis products of microorganisms suggests tha t  "fingerprint" chromatograms 
c m  be obtained which w i l l  identify proteins, l i p ids  , carbohydrates, 
possibly nucleic acids, and other biochemical compounds. The successful 
ident i f icat ion of these substances by the gas chromatograph would make 
the  probability of l i f e  very high, though not necessarily def ini t ive.  
In t h i s  way, the  gas chromatograph could function as a l i f e  detector. 

If the  chromatograms of the  experiment were not indicative of any 
pretested t e r r e s t r i a l  materials, interpretation of the data would be 
made by attempting t o  duplicate the chromatograms in the terrestrial 
laboratory under conditions identical  t o  those existing during the  per- 
formance of the experiment on Mars. 
the  ident i f icat ion of unexpected classes of organic compounds e i ther  
biogenic o r  abiogenic. 

This approach would make possible 
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In  summary, the present gas chromatograph would be designed to:  
(1) detect the presence o r  absence of organic matter i n  a s o i l  sample 
collected from the Martian surface, regardless of i t s  type o r  origin; 
(2) provide data from which the presence or  absence of l ife in the 
sample may be deduced; and ( 3 )  provide data from which at least some 
of the collected 3rgaaic compounds could be identified.  

Effect of Non-Biological Systems: 

Since the  gas chromatograph is capable of detecting organic 
compounds, the character is t ic  f ingerprint  chromatograms may make it 
possible t o  distinguish between biochemical compounds of the terres- 
t r i a l  var ie ty  and other organic compounds. 

Controls - Reference : 

Controls include calibration samples of known organic materials 
t o  be introduced into the instrument ju s t  p r ior  t o  the performance of 
t he  experiment. Functional and environmental parameters w i l l  be 
monitored t o  verif'y the conditions of the experi4?Ent. Reference 
standard w i l l  consist of calibration materials injected pr ior  t o  
experiment. 

Sensitivity: 

0 .1  t o  10 micrograms of organic sample. 

Biological iviaterials Required : 

None. 

A single sample acquired by a raring vacuum aerosolizer is adequate. 
The crude s q l e  is  subjected t o  a pyrolysis cycle and the vo la t i l e  
degrda t ion  products are introduced into the gas chromatograph. 

In st rumentat ion : 

G a s  tank, gas pressure regulator, separation column, ovens, ioni-  
zation detector, dynamic capacitor, reed switches, semiconductors, and 
electronic c i r cu i t  components . 
safisfiable w i t h i n  the  s t a t e  of the art; however, in some cases ,develop- 
ment is  needed t o  produce f lightworthy component s. 

All instrumentat ion requirements are 

Weight and Size : 

6.7 pounds, 5XgM in. ,  200 cu. in. Does not include sample 
acquisition. 



Lifet  inae Effects : 

The operating temperature range is  -20' t o  +80° C and the  survival 
temperature -500 t o  t-135' C .  
ever it is  small enough t o  be shielded. 
cipated. 
with Lander design f o r  impact. 

Radiation may affect  the detector, how- 
No pressure effects  me anti- 

fmpact and .Jibration problems w i l l  be met by design compatible 

Steril ization: 

The instrument i s  s ter i l izable  w i t h  heat soak and ethylene oxide; 
?lowever, the e f fec ts  of the 3 cycles of 145' C f o r  36 hours each have 
not been evaluated. The instrument i s  suitable f o r  aseptic assembly t o  
a limited extent. 

Testing: 

Prelaunch tests consist of: (1) electrometer calibration, (2) 
programmer sequencing verification, (3) calibration with electronic 
peak simulation, (4)  instrument calibration by downstream injection of 
a calibration gas sample carried aboard the instrument, and (5) instru- 
ment calibration by injection of a tes t  sample.  

In-flight and pmt-landing tes t s :  (1) calibration with peak 
simulation, and (2) calibration by downstream injection 3f a gas sample 
carried aboard the instrument. 

Reliability - : 

To be attained by use of high quality screen parts and from operating 
his tory on breadboard, engineering model, and prototype instruments. 
Actual r e l i ab i l i t y  f igurss would be supplied by the coxponent s t a t i s t i c a l  
group. 

Programming and Commd: 

The command f o r  startup and sequencing w i l l  come from the data 
system. 
Time identification can be handled on either side of the instrument- 
data s y s t e m  interface.  

Sequencing may occur internally from an instrument programmer. 

Problem Areas: 

None specified. 
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Measurement Requirements 

Orientation with respect t o  the surface of Mars is  minor, dependent 
on the f i n a l  configuration of the pyrolysis oven. 
t i m e  i s  not defkied. The instrument w i l l  immediately supply time and 
quantity data fo r  each peak as the  peaks occur. 
a repeatable separation fwlction f o r  as many sasrple cycles as would be 
required by the experiment. 
or serial binary data, (2) b t i t a t i v e :  electrometer integrator out- 
put w i t h  1 t o  10 ohms output impedance o r  serial binary data from au 
A t o  D converter, depending upon designation of interface.  

The t o t a l  experiment 

The instrument performs 

Instrument output may be : (1) Time: pulse 

Power requirement, exclusive of external environmental control, is  
4.5 w a Y s  peak. 
most external interference problems. 
ground referencing t o  provide adequate isolat ion.  

Shielding of the  electrorneter compartment w i l l  preclude 
Also, care must be given t o  

Status and Scheduling 

Preliminary work has been done t o  es tabl ish the basic paramters  
f o r  the design of the instrumeat. 
been tentat ively set, column types and detectors have been tentatively 
chosen, and general requirements have been set .  

Pyro lys is  temperature cycles have 

Further studies w i l l  be required t o  more precisely define and 
ver i fy  optimum pyrolysis cycles, colum%s and detectors.  This work could 
be essent ia l ly  completed in about two months, pr ior  t o  breadboard design 
and could subsequently be coordinated w i t h  the breadboard developnEat. 
Continuation of these basic studies would continue throughout the rlevelop- 
ment and f l i g h t  during the execution of the mission in order t o  provide 
as much information as possible for  l a t e r  data interpretation upon com- 
pletion of the mission. 

A f eas ib i l i t y  b r e a d b o d  has been constructed. Signal processing 
electronics are in development and detectors are being evaluated. 
neering f eas ib i l i t y  could be demonstrated w i t h i n  six months from the  date 
of funding. The sc ien t i f ic  f eas ib i l i t y  has been demonstrated. Weight 
may be reduced t o  m i n i m u m  value ten  months from date of funding. Size 
may be reduced t o  m i n i m u m  value nine months from date of funding. A 
u n i t  similar t o  a capsule instrument such as would be flown on a sound- 
ing rocket would be available 12 t o  13 months from the  date of funding 
in a f ina l ,  t es ted  configuration. 
and engineers and two technicians. 
f o r  t h i s  area are four engineers and f ive  technicians. 
tative budget is  $206,000. 
a f l i g h t  -type organ gas chromatograph would be &25,000. 

Ehgi- 

The current manpower i s  four sc i en t i s t s  
The estimated additional requirements 

The present ten- 
Additional FY & funding required t o  produce 
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B-2 GULL;NER 

The information on t h i s  experiment was furnished t o  the Survey 
Team by Dr. Gilbert k v i n  of Resources Research, k c . ,  Washington, D. C., 
on June 27, 1963. 

Scientific Experiment 

Ob cj ec t ive : 

To detect bacter ia l  growth b determining the formation of 
ralioactive carbon dioxide f r o m  C 14 labeled substrates. 

Effect of Non-Biological Systems: 

None have been observed. 

Controls - Reference : 

An inhibitor of bacter ia l  growth w i l l  be in roduced into the growth t chamber which should resu l t  in a cessation of C1 02 formation. Whether 
th i s  is  accomplished in the same chamber as the growth experiment o r  in 
a duplicate Gulliver i s  a matter f o r  future consideration. 
control t o  be considered is  that of an uninnoculated medium. 

A t h i r d  

Sensitivity : 

See tables  B - 2 4  and B-2-B. 

Biological Materials Required : 

C I 4  labeled glucose, formate, Lactate, and glycine. 

SamplW: 

A single untreated sample per instrument i s  required. The sample 
is acquired on a length of chenille, attached t o  the end of a line which 
is ejected from the instrument. 
t o  collect  s o i l  par t ic les  which are introduced w i t h  line and chenille 
in to  the growth chamber. 

The line is dragged across the surface 

Lnstrumentat ion : 

- .  

Sample-collecting mechanism, a main chamber containing the sample 
processing mechanism, a radiation counter, an electronic signal and 
data processing system, an ellectronic programmer, and a heater. All 
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requirements are w i t h i n  the state of the art. Engineering developments 
are required. 
which one is  used as a reference standard. Components such as the pro- 
gra.muk?r and logic and data-handling system w i l l  be c o m n  t o  both 
i n s t r m n t  s . 

The s y s t e m  consists of two individual instruments of 

Weight and Size: 

TWO instruments weigh 3 pounds and are 4~9x6 in., 192 cu. in. 
programer weight  i s  1-1/2 pounds. 
w e i g h s  2-1/2 pounds. A maxfmtlm 
t o t a l  weight w i t h  a more elaborate detector s y s t e m  weighs 12 pounds. 
System volume having two instmnents, prograsrmer, one logic and data 
handling system would be 404 cu. in. 
based on the more elaborate detector system is  600 cu. in. 

One ins t rment  weighs 1-1/2 pounds and is  4x46 in., 96 cu. in. 
The 

me logic and data handling s y s t e m  
A minimum t o t a l  weight is  7 pounds. 

The estimated maximum value 

Lifet ime Effects : 

Not affected by temperature, radiation, pressure, -act or  
vibration. 
freezing point. 

Incubation chamber and sample have t o  be kept above the 

Ster i l izat ion : 

Proposed methods present no problem. The instrument is suitable 
f o r  aseptic assembly. 

Test inq: 

Prelaunch test of the radiation detector and electronics is  
plarnned by means of the  introduction of a small radio-active source. 

Rel iabi l i ty  : 

To be essent ia l ly  the same as AMF is  using on other space programs. 

Programuw * and command: 

The bui l t - in  programmer w i l l  control a l l  the sequencing after a 
start signal is  provided by the spacecraft after landing. 

Problem Areas : 

No major problem areas foreseen; however, detailed interface 
information w i l l  be required t o  e f fec t  mating with spacecraft. 
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Measurement Requirements 

. -  
Orientation of Gxlliver with surface of Mars is  immaterial, 

however, the sauple collecting mechanism w i l l  require an attitude 
orientation not yet  def ined . 

The instrument makes continuous readings. The min imum require- 
ment i s  two points, each described by two words of a 15-bit length. 
Bigh-intensity signals such as so la s  flares or  a high level of radio- 
active Cog i n  the Martian atmosphere could cause saturation of the 
detection system. 

The power requirements may be supplied with a low voltage DC with 
about 210 percent tolerance t o  provide a normal power consumption of 
2 t o  3 watts w i t h  a peak demand of 4 t o  5 watts f o r  2 minutes. 
addition, approximately 2-1/2 watts i s  required f o r  heaters f o r  belov- 
freezing temperatures. 
output impedance w i l l  be compatible w i t h  the  spacecrd t  interface 
requirements. 

In 

"he type and quality of the s ignal  and the 

No interference problems are mt ic ipa ted  . 

' .  

- .  

Status and Scheduling 

An advanced f eas ib i l i t y  model was demonstrated in November 1962, 
and in a f i e l d  test  June 27, 1963. 

Weights and s izes  w i l l  be determined apTroximately six months 
after the start of a contract call ing f o r  a flight-prototype model. 
One year from the start of a production contract i s  required t o  complete 
the f l i g h t  prototype instrument. 

The present manpower effor t  consists of 4-1/'2 people. It i s  
estimated that 10 people w i l l  be required t o  complete the prototype in 
one yeax. 

The present AMt? contract i s  f o r  about $84,980. The funding 
requirements f o r  a contract t o  deliver a flight-prototype instrument 
w i t h i n  a year w i l l  be between $25O,OOO and &5O,OOO, depending on the 
interface requirements and whether it is decided t o  include a photo- 
synthesis experiment and a sterile control in Gulliver. 

Resources Research, Inc. would like an additional $!30,000 above 
current leve l  of support so as t o  support: 
(2) 1/2-time biologist ,  and (3)  a f u l l - t h e  technician, and (4)  t o  
obtain additional materials. 

(1) full-time engineer, 
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SOME GEXE33AL CHARACTERISTICS OF 

SOIL ISOLATES 

Isolate  Soi l  source ZlYE G r a m  s t a in .  

A Field & Garden Wterium G r a m  posit ive 
baci l lus  

Field 

Garden 

Field 

Bacterium 

Bacterium 

Bacterium 

Field & Garden Fungus 

Field & Gasden Fungus 

tt 

It 

I1 

It 

tt 

Chaxacterist i c s  

White, lacy colonies 
growing i n  s w i r l  
mrangement . 
small, circular ,  
opaque colonies. 

Pale yellow, d i s t inc t  
colonies. 

Dull, white colonies 
producing brown pig- 
ment in  the  medium. 

Green changing t o  
dark brown rqycelial 
growth, Pencill in- 
l i k e .  

White w c e l i a l  growth. 
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TABU B-2-B 

I 

Cells per C-14 
SsL.nple +,e s-k substrate 

bacterium 66,000 1 
Soil  Isolate  A 

S o i l  Isolate B 29 , 800 1 
bac t er :',urn 59,600 1 

S o i l  Isolate  C 3,700,000 1 
bacterium 7,400,oo0 1 

118 1 iSoi1 Isolate  E 
bacterium 177 1 

Soi l  Isolate  9 58 , 400 1 
FUnffuS 87,600 1 

I 

Rhodospirillum 
rubrum (photo- 
synthetic growth) 220,000 2 

I modospir i l l u m  
rubrum (non- 
photo synt het i c  ) 181,000 2 

Bacillus s u b t i l i s  
var.  g lobig i i  70,000 1 

Pseudomonas 
,f luorescens 228,000 2 

Garden Soil 112,865 3 

,,Garden Soil 112,865 4 

- Field Soi l  88,730 4 

Field Soi l  88,730 3 

Response t o  M 8  Medium 

R a d  ioac t i v  i t y  -(;SI 
Time 

0.5 1 

2,145 3 Y 390 

30 80 
165 240 

0 0 
65 65 

75 345 
165 465 

50 I20 
110 150 

120 180 

1,040 1,615 

65 13 5 

130 135 

2,260 4,030- 

4,342 7,170 

585 1,225 

560 1,015 

. -  
~~ 

above s t e r i l e  controll 
3 hours T=FI 

1. Formate-( 1.0 pM) + Glucose (0.33 
2-  
3. 
4. 

Fomte- (0 .66  pM) + Glucose (0.22 pN) + Lactate-(0.44 pM) 
Fomte- (0 .66  pM) + Glucose (0.22 pM) + Malic-(0.44 pM) 
Formate-(0.66 pM) + Glucose (0.22 W) + Glycine-(O.& pM) 



-48- 

B-3 "J" BANI 

The information on t h i s  experiment was furnished t o  the Survey 
Team by D r .  R. E. K&y of Aeronutronic Division, Ford Motor Company, 
N e w p o r t  Beach, California, on June 25, 1963. 

Scientific Experiment 

Objective : 

T o  aetect and distinguish between proteins and nucleic acids by 
observing the shift  of absorption bands of thiocarbocymine dye as 
produced by macromlecules of proteins and nucleic acids. 

Effect of Non-Biological Systems: 

High salt concentrations in a s o i l  sample w i l l  produce the effect ,  
however, it may be adequately suppressed us ing  10% Ethanol solutions, as 
well as by increasing the sample c e l l  temperature. 

Controls - Reference: 

The use of a pyrolized and/or oxidized s o i l  sample extract  as a con- 
t r o l  in a reference c e l l .  Refereoce is  obtained by dye samples in a 
solution in both a test  and reference opt ical  beam t o  determine a zero 
n u l l .  Alternatively, a standard such as polyglutamic acid w i l l  be 
employed at  the conclusion of the  determination. 

Sens it ivi tx:  

One gamma of biologically important macromolecules. 

Biological Materials Required: 

None 

SaXpling: 

A single sample of soil which is processed by extraction, drying 

The sample acquisition 
and either pyrolized or dialyzed and checked f o r  conductivity within 
the proposed experimental s y s t e m  is required. 
mechanism needs further work. One complete cycle i s  a minimum; how- 
ever, recycling is  plamed t o  be internal  t o  the experiment w i t h  a 
poss ib i l i ty  of using two different temperatures. 
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Lifetime Effects : 

None anticipated from temperature, pressure, radiation or  impact 
and vibration. 

Ster i l izat ion : 

May be s te r i l i zed  with spacecraft and entry capsule, dye w i l l  be 
contained i n  a separate sterile capsule. 
applicable. 

Aseptic assembly is not 

Instrumentation : 

Spectrophotmter-double beam-optical null ,  l ight  source, detector, 
amplifiers, sanrple processor. 
the state of the a r t .  

The instrumentation is  attainable within 

Weight and Size : 

Minimum weight and volume has not been determined. 

Post-landing calibration only, checkout f o r  signal output and 
communication. 

Reliability : 

Derived f r o m  detailed testing and computational examination of 
performance pre -f l igh t  qualification tes t ing  . 
&Fra#uumng * and Control: 

A signal from the capsule is required f o r  the start and a signal 
is  required t o  read out data which can be internal  t o  the experiment or 
obtained from the capsule system. 

Problem Areas: 

More tes t ing  is required t o  determine f iner  dist inctions between 
classes of macromolecules and among specific molecules within a c lass .  

Measurement Requirements 

Orientation with the sur face of Mars is independent as presently 
conceived. Ekperiment time is a one-hour maximum with ten  minutes f o r  
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the first cycle. 
repeat samples fo r  follow-on tests t o  higher extract concentration, 
no continuous readings. Data requirement specified as a mhixum of 
10 b i t s ,  an optimum of 90 bits ,  and a maximum desirable of 250 b i t s  
t o t a l .  Interference fromthe spacecraft is  not expected t o  be a pro- 
blem. The output signal w i l l  be d ig i t a l .  

A single chanber is used at  2 t o  3 temperatures, 

The power requirements are stated as 28 k 3 vol t s  D.C. and 400 
cycles per second A . C .  f o r  a peakload of 5 amps, 28 vol t s  f o r  10 
milliseconds, average power 2-3 watts f o r  one hour and about 10 watts 
to survive the bfartian night. 

Status and Scheduling 

Progress in determining presence of e i ther  proteins or  nucleic 
acids a t  the 1 gama level  i s  good. 
criminate between proteins and nucleic acids.  

Progress looks promising t o  dis-  

The engineering aspects of the experiment are conceptual only. 
To demonstrate functional feas ib i l i ty  would require an engineering 
functional breadboard plus six mnths . 

It i s  estimated that a f l i g h t  qualified prototype could be 
available by November 1964. 

Present manpower is  3 scient is ts .  Required manpower is 6 man 
years of science, 8-10 man years of engineering, and 3 months fo r  test 
and evaluation. 

Current funding is &9,000 f o r  science fo r  one year. Required 
funding i s  $400,000 f o r  I 2  months of engineering and $100,000 f o r  
I 2  months of science. 

. 
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B-4 MASSSPECTROMETER 

The information on t h i s  experiment was furnished t o  the Survey 
%am ?YY Dr. Klaus Biemann at the Massachusetts Institute of Technology, 
Cambridge, Massachusetts, June 20, 1963. 

Scientific Experiment 

Objective : 

To show the presence or  absence of biologically occurring mlecules  
by obtaining a mass spectrogram f o r  interpretation. 
and many hetrocyclics, as  well as the inorganic atmospheric materials, 
are analyzed. 

All amino acids 

Effect of Non-Biological Systems: 

None 

Controls - Reference: 

None except fo r  machine operation. 

- Sensit ivity : 

Fractions of a microgram (1 microgram t o  1 nanogram) . The projected 
miniaturized mass spectrometer w i l l  have a range of 0-250 mass units  
and be operated in the range of 0-160 mass units .  

Biological Materials Required: 

None 

s%G!im: 
One sample i s  required. No sampling technique has been devised. 

The sample m u s t  be grouna, placed on the tube filament, degassed, and 
heated by the filament. 
has been inserted. 

The tube must be evacuated after the sample 

In st rument at ion : 

Miniaturized mass spectrometer vacuum pump, sampling device, 
electronics,  and analog t o  d ig i t a l  converter. 
within the s ta te  of the art. 

!T!he instrumentation i s  
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Weight and Size: 
. .  

Expected t o t a l  weight is  15 t o  25 pounds with a 1.5 pound vacuum 
pump and 5 pounds f o r  the analog t o  d i g i t a l  converter. 
is about 400 cu. in .  consisting of spectrometer-190 cu. in., electronics- 
110 cu. in., and vac1im pmp-llo cu. in. 

Total volwne 

Lifetirne Effects: 

Temperature, radiation, impact and vibration have no ef fec ts .  
Pressure in the tube must be reduced t o  a vacuum after sample is inserted. 

Ster i l izat ion : 

Cazl be s te r i l i zed  by ei ther  method. S te r i l i zab i l i ty  of electronic 
components i s  questionable. The i n s t m n t  i s  suitable f o r  aseptiz 
assembly. 

Test irq: 

Post-landing Easurements prior t o  analysis: ionizing current, 
voltage apglied t o  filament, voltage applied t o  the electronics package, 
sample temperature, and filament temperature. 

Reliabilite: 

Reliance on NASA t o  aetermine r e l i a b i l i t y .  Instrument w i l l  be 
designed md tested i n  accordance w i t h  applicable NASA specifications. 

Programming and Command: 

A t ime cycle i s  projected. S t a r t  of experiment must be determlned 
by capsule. 

Problem Areas: 

Introduction of sanrple at a remote location and sensi t ivi ty  increases. 

Measurement Requirements 

Orientation with the surface of Mars is not required. Discrete 
data with an accuracy of k 10s i s  desired and expected maximum require- 
ments is  2000 b i t s .  

The power requirements, from 28 5 3 vol t s  D.C., is a minlmum of 
0.5 w a t t  and a maximum load of 10 t o  12 watts distributed as follows: 
vacuum puqp and analog t o  d i g i t a l  converter 7 watts, electronics 0.5 
watt f ilarnent - remainder of power. 

Interface requirements need tu “e Z s f ~ e d .  
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Status and Scheduling 

Functional f eas ib i l i t y  has been demonstrated with Zarge-scale mass 
spectrometers. A 22-pound mass spectrometer has been manufactured. It 
is  estimated that a prototype b r e a d b o d  unit can be made available f o r  
t e s t  six months a f t e r  a s tar t ing date and that weights and sizes  can be 
reduced t o  a minimum 9 months after a s tar t ing date. 

The present experiment has four personnel assigned; two  additional 
technical ass is tants  and the services of Consolidated Systems Corporation 
w i l l  be required f o r  fabrication of the instrumentation. 

The breadboard Ilzodel w i l l  cost $5O,OOO and the completely tested 
and fabricated space instrument w i l l  be delivered f o r  additional 
$eoo,oO0. 

c 
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B-5 OF ATP 
! -  

The information on t h i s  experiment was furnished t o  the p e r s o b e l  
of the Exobioloa Division a+, Ames by Dr. Gilbert Levin of Resources 
Resemch, be., Washington, D.  C . ,  on July 12, 1963. 

Scient i f ic  Experiment 

Objective : 

To determine the presence of ATP on Mars as a probable indicator 
of l i fe .  
detected by vir tue of their  ATP content. 

It has been demonstrated that earth microorganisms can be 

Effect of Non-Biological Systems : 

None axe laown. 

Controls - Reference: 

A non-innoculate control. 

Sensit ivity : 

lQ-4 micrograms ATP prmi t t i ng  the detection of approxhately 4000 
yeast c e l l s  or  5000 algae, an irqprovement of one order of magnitude is  
hoped f o r .  

Biological Materials Required: 

+2 Luciferin, luciferase , sample, magnesium ( ~ g  ) and oxygen. 

Sampling and S a m p l ~  Treatment: 

The sample may be obtained by high volume sampling of the atmosphere 
during descent o r  w i t h  a sampling apparatus similar t o  Gulliver af'ter 
landing. 

The sample m i g h t  be treated w i t h  methanol, o r  another solvent, t o  
extract the intra-cel lular  ATF. A one- or  two-minute extraction would 
probably increase secs i t iv i ty  t o  a posit ive determination with 500 or  
1000 c e l l s .  

A single sampling and processing is  required fo r  data. A processing 
would be required fo r  s t e r i l e  control and an early reading of light in the  
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. 
chanbers t o  detect possible leakage wmld be helpful. Processing consists 
of the extraction and a rapid mixing of the sample material with luc i fe r in  
and luciferase. 

Instrumentation: 

A sample collection device, an extraction device, a processing 
device, and a photomultiplier tube. 
available. 
there are no appasent obstacles. 

Instrumentation is  commercially 
No attempts t o  reduce s i z e  and weight have been made but 

Lifetime Effects: 

High temperature would adversely affect  the enzyme luciferase. 
Radiation effects,  impact, and vibration have not been explored. 
Pres sure problems not anticipated. 

Ster i l izat ion : 

The instrwnent could probably be s te r i l i zed  with the exception of 

The instrument is suitable f o r  aseptic assembly and the  
the enzyme which could be ster i l ized by membrane f i l t r a t i o n  or other 
cold methods. 
enzyme could be introduced after the spacecraft were readied. 

Testing: 

Tests f o r  sensi t ivi ty  t o  l igh t  a t  pre-launch, in-fl ight and post- 
landing and a post-landing absence of l igh t  due t o  leakage are Ciesired. 

Fkal iabi l i ty  : 

No determinations. 

Programming and Command: 

Not determined. 

Problem Areas: 

Obtaining an adequate sample during descent if  th i s  mode is  used. 

Measurement Requirements 

The experiment requires no orientation with respect t o  the surface 
Tota l  experiment time whether in  the atmosphere o r  on the of k s .  
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surface would be 5 t o  7 minutes. 
a controlled reading, or  several control readings, but only one reaction 
response reading f o r  the t o t a l  experiment. 
saturate the detection system. 
have not been defined; however, it is expected that the phototube output 
would produce 3 o r  4 discrete pulses f o r  the complete experiment. 

The instrument could be used t o  make 

A bright l i gh t  source would 
Power requirements and type of out@ 

Status and Scheduling 

The experiment has been demonstrated successfully in the laboratory 
on ear th  organism. 'Ifhe instrurnentation has been assembled and operated; 
however, no work has been done toward producing an exobiological experi- 
ment nor is  there any program t o  do t h i s .  

Approximately f ive people axe working on th i s  mthod f o r  other 
purposes than detection of ex t ra te r res t r ia l  l i f e .  

A t  present no funds are available f o r  t h i s  project, but a very 
rough estimate of $100,000 was made t o  cover the sc ien t i f ic  investiga- 
t i on  and associated instrumentation f o r  an advanced breadboard or  proto- 
type by Nav. 1, 1964. 
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B-6 MINNATOR 

The information on this  experiment was furnished t o  the Survey 
Team by M r .  Jerry Stuart of Jet Propulsion Laboratory, Pasadena, 
Califernia, on June 24, 1963. 

Scientific Experiment 

Objective : 

Minivator i s  designed t o  provide a sampling device and processing 
and sample chambers in which experiments may be conducted. 

Effect - of Non-Biological Systems: 

C CO in dust form shows fluorescence. a 3  
Controls - Reference : 

A reference ce l l  employed without a s o i l  sample. 

Sensit ivity : 

No determination. 

Biological Materials Required: 

No determination. 

%K@liIl&: 

A gas turbine driven dus, collec-Dr stirs up and col lects  the 
Sample, then performs a centrifugal large par t ic le  separation. 
shoula be placed in solution. 

Sample 

Instrumentation : 

Sample collector,  minivator which contains a phototube, sample cham- 
bers and l iquid reservoir. 

Weight and Size : 

bo t t l e  - 2 pounds, minivator - 1.5 pounds, electronics - 1 pound. 
Total  weight - 5 pounds. Size not given. 

Sample acquisition tubing and injection mechanism 0.25 pound, gas 
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Lifetime Effects: 

?Jot determined, no problems anticipated. 

Ster i l izat ion : 

The proposed mthods present no problems. The instrument is  
suitable f o r  aseptic assembly. 

Testing: 

No information. 

Rel iabi l i ty  : 

No information. 

No information. 

Problem Areas: 

(1) Low power, high efficiency u l t rav io le t  lamps; (2) e l ec t r i c  
D.C .  motors; ( 3 )  bearings for low pressure atmospheres; (4) uniformity 
of miniature incandescent w s ;  ( 5 )  c e U  material that is  opaque, 
machinable, non-permeable t o  fluids,  and with a r e s i s t i v i t y  of about 
1011 ohms. 

Measurement Requirements 

Orientation w i t h  surface of Mars must be res t r ic ted  from horizontal 
The instrument makes repet i t ive readings on 16 chambers. t o  20 degrees. 

It is estimated that is would take 3 f e w  days t o  two  weeks t o  get 
r e su l t s  which are suitable f o r  transmission t o  earth. The detection 
system can be limited by the light source. 

Power requirements, minimum loads at 1-2 watts, maxirmun loads at 
3-10 watts. 
nights .  

Maximum power requiremnt i s  f o r  providing heat during the 

Signal outputs w i l l  be 0-5 volts  analog. Interference is  not 
anticipated as a problem. 

c 
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Status and Scheduling 

Work has been done on the sample collecting techniques combined 
with Multivator . 

A Minivator would have t o  be designed f o r  a p a z t i c u h r  group of 
biochemical experiments after they have been designated. 
a 6-9 month period might be required t o  perfect h a r d m e  systems. 

Thereafter, 

me present manpower consists of 1-1/2 engineers and 2 technicians. 
Total manpower requirement i s  3 engineers and 4-5 technicians. 

Funds required: For fur ther  laboratory prototype tes t ing  - $30,000; 
fo r  first f l i g h t  qualified prototype - $l50,000; for t e s t  and evaluation 
equipment - $+O,OOO -- Total - $220,000 plus a bacteriologically clean 
room. 

Funds requirgd f o r  166 mission would require a crash science 

Follow-on uni ts  at $50,000-$60,000 each. 

program of at  l ea s t  $500,000, probably more funds would be required. 

c 
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B-7 MOLTIVATOR 

The information on t h i s  experiment was furnished t o  the Survey 
Team by Dr. J. kderberg,  Department of Genetics, Medical School of 
Staxtford University, Stanford, California, on June 27, 1963. 

Scientir'ic Experiment 

Objective : 

To deternine enzymatic act ivi ty  . 
EXf ec t  of Non-Biological Systems : 

None. 

Controls - Reference : 

A reference c e l l  i s  eqloyed without a s o i l  sample. 

Sensit ivity : 

5 organisms per cc; projected, approx- Present, approximately 10 
imately 102 per cc.  

Biological Materials Required : 

No biological material as such. Enzymatic ac t iv i ty  o r  phosphate 
fluoresce i n  derivative . 
sampling_: 

A double sample immersed in  l iquid is  minimum requirement. The 
sample i s  acquired by vacuum cleaning. 

Instrumentation : 

Multivator, 2 cc of water. A l l  instrumentation is within the  stake 
of the a r t .  

Weight and Size : 

Multivator - 1 pund ,  45 cu. in.; Collector - 1-2 pounds, 40- 
50 cu. in. 
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Lifetime Effects : 
I 
I .  - 

. 

c 

Not affected by radiation, pressure, impact, o r  vibration but 
temperature must exceed Oo .Z. 

Ster i l iza t  ion : 

Suitable for  e i ther  method. Chemicals m u s t  be added aseptically 
after s te r i l i za t ion .  

Test w: 
Calibration b u i l t  in. 

Re l i ab  i l i t y  : 

To be determined by extensive tes t ing .  

Programming and Command: 

Start-up from external signal: Sequencing and timing may be 
internal  t o  multivator o r  on board spa,cecraft. 

Problem Areas: 

None specified. 

Measurement Requirements 

Orientation w i t h  respect t o  the surface of W s  is  not required. 
k n g t h  of t e s t  i s  one hour, detectivity increases l inearly with t i m e .  
Neasurements w i l l  be sampled and presented as an analog voltage of 
0-10 vol t s .  Minimum input impedance must be greater than 10,000 ohms 
and tolerance t o  interface must be w i t h i n  2 10%. 

The instrument requires AC and DC w i t h  bui l t - in  regulation. 
requirement i s  3-5 watts f o r  smple gathering 1-5 minutes then 1 watt 
f o r  90 seconds every 15 minutes. 
interference . 

Power 

Instrument is  not susceptible t o  

Status and Scheduling 

The f irst  phosphatase detection substrate tha t  shows any reasonable 
s t a b i E t y  was achieved June 1963. More tes t ing  i s  required. 
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I .  

I 

The flight s i ze  breadboard is existing and minimum weights asd 
s izes  can be determined by September 1963. 
instrument can be ready by January 1964, depending upon spacecraft 
integration requirements. 

A f l i g h t  prototype 

Stanford has personnel available. A commercial contract w i l l  
require 5-8 man years. 

F’unding f o r  science studies has been requested of NASA Hea.d- 
quarters by Dr . Lederberg . 
cmcern would be $~OO,OOO - $300,000. 

Funding for engineering with a commercial 
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B-8 OPTICAL ROTATION 

I 
4 

The information on t h i s  experiment was obtained by the Survey 

Confirma- 
Team from Dr. Ira Blei, Dr. John Liskowitz, and W. Sol Nelson of 
Nelpar, Inc., Fa l l s  Church, Virginia, on June 28, 1963. 
t i on  of these data was obtained from Dr. Liskowitz on July 8, 1963. 

Scient if ' ic Measurements 

Objective : 

To determine the presence of optically active compounds at 254 
millimicrons. 

Effect of Non-Biological Systems : 

?lone . 
Controls - Reference : 

A quartz plate,  of known opt ical  rotation, w i l l  be introduced in to  
the light path. 
as w e l l  as serving t o  es tabl ish the functioning of the instrument. 

This calibration w i l l  serve t o  es tabl ish a base line 

Sensitivity: 

- 105 organisms. 

Biological Materials Required : 

None. 

No sa.mpling method has been developed. One sample per analysis 
i s  required. 
w i l l  be extracted with an alkaline solution, probably lN sodium 
hydroxide. 
introduced into the chamber f o r  observation. 

Processing i s  required; a f t e r  collection, the sample 

Following extraction the solution w i l l  be c l a r i f i ed  and then 

Instrumentation : 

A pump, a device t o  clasify the extracted s o i l  from the s o i l  
ex t rac t ,  and an alkaline solution. Equipment consists of optics unit ,  
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. .  

electronics uni t ,  sample processor, pneumatic supply, programmer, 
squibs asd exothermic cartridges, and module frame.  
t i o n  is within the state of the art. 

All instrumenta- 

Weights and Size: 

Total weight i s  5.20 pounds and volurne is 130 cu. in .  
72 cu. in . ,  3 pounds; Electronics 14 cu. in., 0.40 pound; Sample 
Processor 14 cu. in . ,  0.30 pound; Pneumatic supply 14 cu. in., 0.50 
pound; Programer 14 cu. in., 0.40 pound; Squibs and exothermic 
cartridge 2 cu. in., 0.10 pound; Module fram 0.30 pound. 

Optics 

Li fe t ime - Effects: 

Radiation, pressure, irrrpact and vibration impose no problems; 
however, the temperature must be above the  freezing point of the 
l iquids.  

Ster i l izat ion : 

Ethylene oxide w i l l  be used; heat metnod poses no problems. The 
instrumnt  i s  suitable f o r  aseptic assembly. 

Test*: 

Fre-launch and post-landing tests w i l l  be required but have not 
been defined. 

Reliabil i ty:  

To be determined by component review and an environmental test 
program. 

Programming - and Control: 

A start pulse w i l l  be required from spacecraft, remaining control 
is contained i n  inst-nt. 

Problem - Areas: 

Interface with spacecraft not c lear ly  defined . 

Measurement Requirements 

Orientation w i t h  respect t o  the surface of Mars is  not necessary. 
Time fo r  a complete experiment is  415 seconds. The instrument requires 
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a single c-er per reading. 
the range 0-1 vol t s ,  resolution requirement is 1 mil l ivol t  and accuracy 
should be k 1%. 
signal. 

Measuremxits may be voltage levels in 

Instrument can be simplified t o  a single yes-no 
B e  detection system cannot be saturated.  

Minimum input impedance requirement t o  the interface is 10,000 
ohms k 10. 

Power requiremnt peak i s  1.1 watts, and minimum 0.15 watt from 
28 vol t s  DC k lo$. 

Interference is not considered t o  be a problem. 

Status and Scheduling 

The theore t ica l  development fo r  measuring opt ica l  rotat ion has 
Equipment has not been reduced in size been proven experimentally. 

o r  w e i g h t  or been subjected t o  environmental condi-bions . 

PERT chart of Melpar Propasal No. P 314.111, May 1963. 
Manpower and funding s ta tus  and requirements are referred t o  the 
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B-9 WOW TRAP 
. 

The information on t h i s  experiment was furnished t o  the Survey 
Team by M r .  C .  R .  Weston of the  University of Rochester, Rochester, 
New York, on June 25, 1963. Supplementary information was obtained 
from H. E .  Poyer of Ball Bros . on July 2, i963. 

Scientific Experiment 

Ob,jective : 

To detect the growth of organisms by l igh t  scattering measurements 
and by chmge in pH. 
increase in the amount of scattered light. 
would strengthen inference that no change in l igh t  response resulted 
from biological growth. 

The principal c r i te r ion  f o r  growth i s  a logarithmic 
An accompanying pH change 

- .  

Effect of Non-Biological S y s t e m s :  

None 

Controls - Reference: 

No f i n a l  decision has been made. Two ty-pes of controls are 
planned; an inoculated blank (%.e., a non-nutrient medium, perhaps 
only water) and an inoculated replicate t o  which has been added s o w  
germicidal agent such as formaldehyde . 
Sensit ivity:  

7 10 organisms per m i l l i l i t e r  by turbidon&ric msasurements. 
Commercial nephalometers axe readily capable of detecting approximately 
105 organisms per m i l l i l i t e r .  

Biological Materials Required: 

Ethanol, glucose, sodium glutamate. 

S€LllQling: 

One sample is  required fo r  each chamber. Thirteen chambers, 
including controls but not allowing f o r  replication, are anticipated. 
The sample is  t o  be collected in a gas stream and "scubbed" i n  the 
medium. 



-67 - 
.' 

Instrumentat ion : 

. 

G a s  pressure supply, a f lexible tube w i t h  an enclosure shroud 
t o  be dropped t o  the surface, md a venturi nozzle which w i l l  provide 
a pressure d i f fe ren t ia l .  
induct the sample which w i l l  be metered. 
of lenses, source lamps, s i l i c m  c e l l  photodetectors and metallic 
bellows. 
sistors, carbon resis tors ,  ceramic capacitors and si l icon semiconductors. 
The electronics are a l l  s t a t e  of the a r t .  
ward scattering must be developed fo r  resolution and s t ab i l i t y .  
pickup device must be developed f o r  Martian atmosphere. 

The velocity of a low pressure return w i l l  
Lnstrument components consist 

The electronics w i l l  contain Fairchild 2N2484 class t ran-  

The photodetection f o r  for-  
The 

Weight a d  Size: 

A f ive  c e l l  system i s  estimated at  5.0 pounds. A single c e l l  
system should weigh 2.5 pounds. The sample acquisition device w i l l  
serve ei ther  a single c e l l  o r  f ive c e l l s .  Volume f o r  f ive  c e l l s  is 
about 200 cu. in. and f o r  a single c e l l  about 150 cu. in. 

Lifetime Effects: 

Safe' limits f o r  experbents are : 
(1) 'Temperature: -500 F t o  +DO0 F 
(2) Radiation: Total f lux density of 1 x 1-07 roentgen 
( 3 )  Pressure : Vacuum t o  several atmospheres 
(4)  

( 5 )  Vibration: The u n i t  w i l l  be designed t o  withstand rxwmal 

hpac t :  
at 5 milliseconds. 

vibration inputs f o r  b o s t e r s  such as  A t l a s  o r  mor Delta. 

The source burp w i l l  l i m i t  shock loading t o  2000 g 

Ster i l izat ion : 

Instrument w i l l  be s ter i l ized by a terminal heat 3 soak of 135' C 
f o r  24 hours. Ethylene Oxide not anticipated. 
aseptic assembly but t h i s  method i s  rejected by experimenter. 

U n i t  is  suitable fo r  

Testing: 

Prelaunch, in-fl ight,  and post-landing t e s t s  are required but 
have not been defined. 

Rel iabi l i ty  : 

To be determined by normal q u d i t y  control methods, r e l i ab i l i t y  
study on components, model testing, and extreme thermal t e s t s  t o  
accelerate fa i lure  modes. 
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Prograrmning and Control: 

The start signal from the spacecraft is  required. Programming 
is internal,  control may also be external. 

Since work has not started,  there are many problem areas. The 
principal problems l i e  in the resolution of the detector system and 
i n  the r e l i ab i l i t y  of the sample acquisition device. 

Measwement Requirements 

Orientation with respect t o  the surface of Mars w i l l  be required. 
Instrument w i l l  be gimbal mounted so as t o  have 45' of freedom from 
loca l  ver t ica l .  "his w i l l  be res t r ic ted by the necessity of being 
able t o  e i ther  drop the pickup devic; t o  ground surface o r  cast  it 
clear so that it w i l l  reach ground. 

A min imum time of ten  hoxrs of operat ion i s  required. Continuous 
power w i l l  be required f o r  five minutes t o  acquire the sanple, there- 
after, if  readings are intermittent when power is  on, several secor3s 
w i l l  be required fo r  the  lamp t o  s tabi l ize  and then an analog reading 
may be taken. 

lntermittent readings ance every 15 minutes f o r  ten hours are 
sui table .  
eight b i t s  p r  reading. 
Maximum input impdance should be about 5,000 ohms k 20%. 

Each telemetry output w i l l  consist of f i ve  analog readings, 
Signal output w i l l  be analog 0-5 vol t s .  

Power requirements using DC, greater than 6 vol t s  k 20$ are 1 wat t  
f o r  peak load, 100 m i l 1 i w a t ; t  minimum load and 250 m i l l i w a t t  average 
load. 

Detector saturation i s  not anticipated. 

Interference problems require decoupling from the normal power 
l i ne  t r m s i e n t s  and shielding f o r  R.  F . interference. 

Status and Scheduling 

The principles of detecting growth of microorganisms by an 
increase i n  turbidi ty  of the nutrient mdium, and the principles of 
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enrichmnt cult3ne f o r  organisms with special  nu t r i t iona l  requirements 
have a large existing literature. 
instruments t o  anticipate the parameters of the experiment. 

Some work has been done with commercial 

Six months after the program is funded, it is  expected tha t  
functional feas ib i l i ty ,  weight m d  size reduction can be demonstrated. 
A f l i g h t  prototyix instrument could be ready by April 1965, if work 
started in S e p t e m b e r  1963. 

Manpower at  the University of Rochester i s  one ph.D full t h e ,  
one Ph.D 20% t i m e ,  one technician half t i m e .  
November 1964 delivery, 1 Ph.D f u l l  time, four technicians full time. 

Required e f fo r t  f o r  

Current fundipg is  adequate. Twice present funds are required fo r  I 

November 1964 delivery. 
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